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Claims 

1. A method for altering the fatty acid profile of milk from female 
ruminant livestock to have desired proportions and/or types of fatty acids, wherein said 
method comprises feeding to the ruminant livestock, protected lipid having said desired 
proportions of fatty acids, such that about 60 to about 90% of said protected lipid is 
capable of passing through the rumen undigested leaving about 60 to about 90% of said 
protected lipid available for digestion post-ruminally. 

2. The method according to claim 1, wherein about 75 to about 90% of 
protected lipid is enable of passing undegraded through the rumen. 

3. A method for altering the fatty acid profile of milk from female 
ruminant livestock to have desired proportions of fatty acids, wherein said method 
comprises feeding to the ruminant livestock protected lipid having said desired 
proportions of fatty acids, wherein said protected lipid is produced by the emulsification 
of lipid with protein in the presence of between about 1.5 grams and about 3 grams of 
formaldehyde per 100 grams crude portion. 

4. The method accqrding to claim 3, wherein the protected lipid is 
produced by the reaction with between about 2.0 grams and about 2.6 grams of 
formaldehyde per 100 grams crude portion. 

5. The method according to any one of claims 1 to 4, wherein the desired 
proportions and/or types of fatty acids are: C18:l cis (25-45%w/w); C18:2 (4-15%w/w), 
including conjugated isomers (0.05 to 5%w/w), C18:3 (l-8%w/w); C20:5 and C22:6 
omega fatty acid (l-3%w/w). 

6. The method according to any one of claims 1 to 4, wherein the desired 
proportions and/or types of fatty acids are: C16:0 cis (25-35%w/w), C18:0 (20-30%w/w) 
andC18:l (20-25%w/w). 

7. The method according to any one of claims 1 to 6, wherein the source of 
lipid is Elected from the group consisting of: soybean, cotton, lupin, peanut, sunflower, 
canola, sesame seed, copra and coconut, palm kernels, linseed, casein, butterfat, lard, fish 
oils, tung oil, tallow, and oil Hpid products derived from oil sources by 
chemical/biological processes, or a combination thereof. 

8. The method according to claim 7, wherein the source of oil Upid product 
is conjugated linoleic acid. 

9. The method according to claim 7, wherein the source of lipid is derived 
from oil sources by chemical/biological processes, or a combination thereof 
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10. The method according to any one of claims 1 to 9, wherein the source of 
hpid is yellow grease. 

11. The method according to any one of claims 1 to 10, further comprising 
simultaneously feeding to the ruminant livestock protected protein, such that about 60 to 
about 80% of said protected protein is capable of passing through the rumen undigested 
leaving about 60 to about 80% of said protected protein available for digestion post- 
ruminally. 

12. The method according to any one of claims 1 to 1 1, further comprising 
simultaneously feeding to the ruminant livestock protected carbohydrate such that about 
30 to about 80% of said protected carbohydrate is capable of passing through the rumen 
imdigested leaving about 30 to about 80% of said protected carbohydrate available for 
digestion post-ruminally. 

13. The method according to any one of claims 1 to 11, further comprising 
simultaneously feeding to the ruminant livestock: (i) protected protein, such that such that 
about 60 to about 80% of said protected protein is capable of passing through the rumen 
imdigested leaving about 60 to about 80% of said protected protein is available for 
digestion post-ruminally, and (ii) protected carbohydrate, such that about 30 to about 80% 
of said protected carbohydrate is capable of passing through the rumen undigested leaving 
about 30 to about 80% of said protected carbohydrate available for digestion post- 
ruminally 

14. A method according to any one of claims 11-13, wherein the source of 
protein and/or carbohydrate is plant and includes any one of, or a combination of barley, 
com, oats, wheat, rice, millet, triticale, rye, and sorghum, soybean, cotton, lupin, peanut, 
sunflower, canola, sesame seed, copra and coconut, palm kernels and linseed. 

15. The method according to any one of claims 1 to 14, further comprising, 
feeding to the ruminant livestock any other source of processed or improcessed feedstuff. 

16. The method according to any one of claims 13 to 15, wherein the 
protected carbohydrate, protected protein and/or protected lipid is included in the ration at 
about 10-45% during the lactation phase. 

17. Milk fat obtained from a ruminant fed according to the method of any 
one of claims 1 to 16. 

18. The milk fat of claim 17, wherein said milk fat is comprised of 
nutritionally desirable soft fats, including n-3 and n-6 essential fatty acids, conjugated 
linoleic acid and C20 and C22 plyenoic fatty acids. 
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19. The milk fat of claim 17, wherein said milk fat is comprised of hard 

fats. 

20. The milk fat of any one of claims 17 to 19, wherein said milk fat is used 
in the production of milk based products. 

5 21. The milk fat of any one of claims 17 to 20, wherein said milk based 

products include: milk, butter, cheese, yoghurt, chocolate or infant formula. 
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AMENDED CLAIMS 
[received by the International Bureau on 15 December 2000 (15.12.00); 
original claims 1-10 amended; other claims unchanged (3 pages)] 

1 . A method for altering the fatty acid profile of milk fiom feooude ruminant 
livestock to comprise at least one of the following types and proportions of fatty acids in 
.said miJk: CI 8:1 cis (25-45%w/w); C18:2 (4-15%w/w); C18:3 (l-8%w/w); C20:5 and 

5 C22:6 omega fetty acid (l-3%w/w), or a combination thereof, wh^in said method 
comprises feeding to the iemalc ruminant livestock, protected lipid such that about 60 to 
about 90% of said protected lipid is capable of passing through the rumen undigested 
leaving about 60 to about 90% of said protected lipid available for digestion post- 
ruminally, and wherein said protected lipid is produced by the emulsification of lipid with 

III protein and the mixing of between about 1.5 grams and about 3 grams of fiDrmaldehyde 
per 100 grams crude portion of said emulsified Hpid-protein complex. 

2. The method of claim 1, wherein said fatty acid profile comprises at least one 
ol: C18;1 cLk (30-45%w/w); C18:2 (6-10%w/w); C18:3 (2-4%w/w); C20:5 and C22:6 
omega fatty acid (l-2%w/w), or a combination thereof. 

J 5 3. The method of claim 1 or 2, wherein said CI 8:2 further mdudes conjugated 

isomers (0.5 to 5%w/w). 

4. A method for altermg the &tty acid profile of milk fi-om fomale ruminam 
livestock to have at least one of the following types and/or proportions of fatty adds in 
said milk: C16:0 els (25-35%w/w), CI 8:0 (20-30%w/w) and C18:l (20-25%w/w). 

20 wherein said method comprises feeding to the ruminant livestock, protected lipid having 
said desired proportions and/or types of fatty acids, such that about 60 to about 90% of 
said protected lipid is capable of passing ttirough the rumen undigested leaving about 60 
10 about 90% of said protected lipid available for digestion posi-ruminaily, and wherein 
said protected lipid is produced by the emulsification of lipid wilh protein and tiie mixmg 

25 of between about 1.5 grams and about 3 grams of fomialdehyde per 100 grams crude 
portion of said emulsified lipid-protein complex. 

5. The method of claim 4, wherein said fatty acid profile comprises at least one 
of: C16:0 cis (28^35%w/w). C18:0 (25.30%w/w) and €18:1 (22-25%w/w), or a 
combination thereof. 

30 6. The method according to any one of claims 1-S» wherein about 75 to about 

90% of protected lipid is capable of passing undegraded through the rumen. 

7. The method according to any one of claims 1 -6, wherein the protected lipid is 
produced by the reaction with between about 2.0 grams and about 2.6 grams of 
formaldehyde per 100 grams crude portion. 
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8. ITie meihod according to any one of claims 1 to 7, wherein the source of lipid 
is selected from the group consisting of: soybean, cotton, lupin, peanut, sunflower, 
sunola. canola, sesame seed, copra and coconut, palm kernels, linseed, casein, buttcrfet, 
yellow grease, lard, fish oils, tung oil, tallow, and oil lipid products derived from oil 
sources by chemical/biological processes, or a combination thereof. 

9. The method according to claim 8, wherein the sotirce of oil lipid ii^oduct is 
conjugated linolcic acid or chemical forms thereof. 

10. The method according to claim V, wherein the sotirce of lipid is derived by 
chemical/biological processes, or a combination thereof. 

11. The method according to any one of claims 1 to 10, further comprising 
simultaneously feeding to the ruminant livestock proteaed protein, such that about 60 to 
about 80% of said protected protein is capable of passing through the rumen undigested 
leaving about 60 to about 80% of said protected protein available for digestion post- 
ruminally. 

12. The method according lo any one of claims 1 to 10, further comprising 
simultaneously feeding lo the ruminant livestock protected carbohydrate such that about 
30 U) about 80% of said protected carbohydrate is capable of passing through the rumen 
undigested leaving about 30 to about 80% of said protected carbohydrate available for 
digestion post-ruminally. 

13. The method according to any one of claims 1 to 10 further comprising 
simultaneously feeding to the ruminant livestock; (i) protected protein, such that such that 
about 60 to about 80% of said protected protein is capable of passing through the rumen 
undigested leaving about 60 to about 80% of said protected protein is available for 
digestion post-ruminally, and (ii) protected carbohydrate, such that about 30 to about 80% 
of said protected carbohydrate is capable of passing through the rumen undigested leaving 
about 30 to about 80% of said protected carbohydrate available for digestion post- 
ruminally. 

14. A method according to any one of claims 1 1-J3, wherein the sotircc of protein 
and/or carbohydrate is plant and includes any one of, or a combination of barley, com, 
oat.s, wheat, rice, millet, triticale, rye, and sorghum, soybean, cotton, lupin, peanut, 
sunllowcr, stmola, canola, sesame seed, copra and coconut, palm kernels and linseed. 

15. The method according to any one of claims 1 to 14, further comprising, 
feeding to the ruminant livestock any other source of processed or unprocessed feedstuff. 
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16. The method accoxxiing to any one of claims 13 to 15, wherein the protected 
carbohydrate, protected protein and/or protected lipid is included in the ration at about 
1 0-45% during the lactation phase, 

1 7. Milk fat obtained from a ruminant fed according to the method of any one of 
claims 1 to 16. 

1 8. The mtik fat of claim 17, wherein said milk fat is comprised of nutritionally 
desirable soft fats, including n-3 and n-6 essential fetty acids, conjugated linoleic acid and 
C211 and C22 plyenoic fatty acids. 

19. The milk fet of claim 1 8, wherein said milk fat is comprised of hard fats. 

20. The rt\\\v fat of any one of claims 17 to 19, wherein said milk fet is used in the 
production of milk based products. 

2 1 - The mitk fai of any one of claims 1 7 to 20. wherein said milk based products 
include: milk, bulier, cheese, yoghurt, chocolate or iniant formula. 



AMENDED SHEET (ARTJCLE 1^ 



(12) INTERNATlO^BvrPUCATION PUBLISHED UNDER TH! 



(19) World Intellecmal Property Orgatii2ation 
International Bureau 

(43) international Publication Date 
22 February 2001 (22.02^001) 



PCT 



NT COOPERATION TREATY (PCT) 




(10) International Publication Number 

wo 01/11978 Al 



(51) International Patent Classification^: A23C 9/14, 
A23D 9/02, A23K l/OO, 1/18 



(21) International Application Number PCT/Ai:00/00953 

(22) International Filing Date: 1 1 August 2000 (1 1 .08.2000) 



(25) Filing Language: 

(26) Publication Language: 



(30) Priority Data: 
PQ2218 



13 August 1999 (13,08.1999) AU 



(71) Applicant (for all designated States except USj: COM- 
MONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANISATION [AU/aUI; Umesione 
Avenue, Campbell, ACT 2612 (AU), 

(72) Inventors; and 

(75) Inventors/Applicants (far US only)\ SCOTT, Trevor, 
William [AU/AU]; 41 Arnold Avenue, KellyvUie, NSW 
2155 (AU). ASHES, John, RichartJ [aU/AU]; 33 Young 
Street, Wahroonga, NSW 1^076 (AU). GULaTI, Snresh, 
Kumar [AU/AU]; 20 Daffodil Sireet* Eastwood. NSW 
2122 (AU>. 



(74) Agent: SPRUSON FERGUSON; CPO Box 3898. Syd- 
ney. NSW 2001 (AU). 



(81) Designated States (na/ional): AE, AG, AL. AM, AT. AU. 
aZ, Ba. BB. BG. BR, BY. DZ, CA. CH. CN. OR. CU. CZ. 
DE. DK. DM. DZ. EE. ES, FI. CB, CD, GE GH. GM. HR. 
HU. ID. IL, IN, IS. JP. KE, KG. KP, KR, KZ, LC. LK. LR, 
English LS, LT, LU. LV. MA, MD, MG, MK. MN. MW. MX, MZ. 

NO, N2, PL. PT, RO, RU. SD. SE. SG, SI, SK. SL. TJ. TM. 
English TR, TT. TZ, Ua, UG. US, UZ, VN. YU. ZA. ZW. 



(84) Designated States (regional)', ARIPO patent (GH, GM. 
KB, LS. MW, M2. SD. SL. SZ. TZ, UG. ZW), Eurasian 
patent (AM, A2, BY. KG, K2.MD. RU. TJ. TM). European 
patent (AT. BE, CH, CY, DE. DK. £S, Fl, FR, GB, OR. IE. 
rr, LU, MC. NL, PT. SE). OAPl patent (BF. BJ, CF. CG. 
CI, CM. Ga, GN. GW. ml MR. NE, SN. TD. TC). 

Published: 

— With imcrnational search report 
With amended claims. 

For nvo'letter codes and other abbrevianoris, refer to the ^^Guid- 
ance f>fates an Codes and Abbre'vlpTions" appearing at the begin" 
ning of each regidar issue of the PCT Gazette. 



< 

00 

o\ 

^ (54) Tidez FEED SUPPLEMENT FOR ALTERING MILK FAT PROFILE 

(57) Abstract: The present invention provides a method for altering, the fatty add profile of milk from feroale ruminant Uveswck 
tP d^ired ptopoitionf and/or types of foity acids, u/herem said meCfaod oomprisas leading lo the ruminant livestodc, proreeicd 
2^ lipid having said d^ted proportions of faxxy adds, sueh that about 60 lo about 90 % ef said protected lipid is capable of passing 
through the rumen undigested leaving about 60 to atxMit 90 % of said protected lipid available for digestion post-nimtnaUy. 



wo 01/11978 



, #JC13RMypCT/PT0 13 FEB 24)02 

Feed Supplement for Altering Milk Fat Profile 

Technical Field 

The present inveniion relates to feeding techniques for designing the nutritional 
and physico^hemical properties of milk fat derived from ruminants. In particular, it 
describes feed supplements which produce milk from ruminants having a desired fatty 
acid composition, and which is useful in producing products with a range of melting 
profiles. 

Background Art 

In recent times, the specifications of the ideal milk fat from a nutritional and 
physico-chemical view point have changed dramatically. For example, CI 8 cis 
monounsaturated fatty acids (oleic acid) have been shown to lower the cholesierol content 
of human low density lipoproteins (LDL) (Noakes ei ai, 1996). In contrast, the CIS crans 
monounsaturated fatty acid (elaidic acid) will increase the cholesterol content of LDL in 
humans (Noakes ei al,^ 1996), In addition, the role of n-3 fatty acids in infant nutrition 
and in particular their imponance in neural development and vision has been recently 
recognised (Simapoulos, 1999). 

During the past three decades a range of feed supplements have been developed 
with the aim of manipulating the fatty acid composition of milk fat. These techniques 
include feeding of full fat rape seed and soybean supplements, heat xreated/jet sploded oil 
seeds, calcium salts of long chain fatty acids, prilled or pelleted fats and butyl soyamide 
esters. However, there is an enonnous variation in the responses observed (Palmquist, er 
ai, 1993), and it can be concluded that these approaches do not provide a reliable and 
consistent feed supplement to alter the nutritional and physico-chemical properties of milk 

Therefore, the challenge is to design feed supplements that produce milk fat 
containing a fatty acid composition appropriate for either soft or hard fats. For example, 
soft fats would be characterised by: 

* a reduction in the proportions of saturated acids in particular myristic and 
palmitic, as ibese two acids significantly elevate human LDL cholesterol and also 

J contribute to "hardness" of milk fat 

* an increase in CIS mono-unsaturated (oleic) without increasing CI 8 trans 
mono-imsaturated (elaidic); 

* an increase in Cl 8 di-unsaturated (CI 8:2), including conjugated isomers; 
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* an increase in C20 and C22 omega fatty acids, that is, C20:S and C22:6 
respectively; and 

* an increase in CI 8 tri-unsaturated (CI 8:3). 
Conversely, harder milk fats are often characterised by: 

* high proportions of saturated fats; and 

* increases in C16:0 and CI 8:0. 

Therefore, in accordance with the present invention, by altering the amount 
and/or type of protected lipid fed, it is possible to produce ruminant milk products with a 
wide spectrum of physical characteristics. Consequently, the present invention provides a 
way forward to reduce or eliminate the need for expensive fractional crystallisation and 
enzymatic inter-esierification procedures thai are currently being used to improve the 
physical and nutritional properties of milk fat. In general, the present invention indicates 
alters the fatty acid profile of ruminant milk fat via the use of feed supplements in which 
the constituent triacylglycerols are protected from ruminal biohydrogenaiion 

Accordingly, the present invention describes the use of nutritional materials that 
are protected against rumen degradation and provides a feed supplement which produces 
milk fat with the desired specifications, that is, a milk fat having either a "soft" or "hard" 
fatty acid profile. 

Object of the Invention 

An object of the invention is to provide a method for altering the fatty acid 
profile of milk from ruminant livestock, and in doing so obtain milk fat comprising 
desired proportions and/or types of fatty acids. 

Disclosure of the Invention 

According to a first embodiment of the invention there is provided a method for 
altering the fatty acid profile of milk from female ruminant livestock to have desired 
proportions and/or types of falty acids, wherein said method comprises feeding to the 
female ruminant livestock protected lipid havij;g said desired proportions and/or types of 
fatty acids, such that about 60 to about 90% of said protected lipid is capable of passing 
through the rumen imdigested leaving about 60 to about 90% of said protected lipid 
available for digestion post-ruminally. 

According ro a second embodiment of the invention there is provided a protected 
lipid, when used in altering the fatty acid profile of milk from female rutninani livestock 
to have desired proportions and/or types of fatty acids, wherein said protected lipid is such 
that about 60 to about 90% of said protected lipid is capable of passing through the nunen 
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of ruminant livestock undigested, leaving about 60 to about 90% of said protected lipid 



available for digestion post-nmiinally. 

According to a third embodiment of the invention there is provided use of a 
protected lipid, in the preparation of a feed for altering the fatty acid profile of milk from 
female niminant livestock to have desired proportions and/or types of fatty acids, wherein 
said protected lipid is such that about 60 to about 90% of said protected lipid is capable of 
passing through the rumen of ruminant livestock undigested, leaving about 60 to about 
90% of said protected lipid available for digestion post-niminaUy. 

It is preferred that about 65 to about 90% of protected lipids are capable of 
passing undegraded through the rumen. More preferably, about 70 to about 90% of 
protected lipids are capable of passing undegraded through the rumen. Even more 
preferably, about 72 to about 90% of protected lipids are capable of passing undegraded 
through the rumen. Yet still more preferably, about 75 to about 90% of protected lipids 
are capable of passing undegraded through the mmen. 

Typically, the protected lipid is protected from ruminal biohydrogenaiion by 
encapsulation in a matrix of aldehyde-treated protein. 

According to a fourth embodiment of the invention there is provided a method 
for altering the fatty acid profile of milk from female ruminant livestock to have desired 
proponions and/or types of fatty acids, wherein said method comprises feeding to the 
fem^e ruminant livestock, protected Upid having said desired proportions and/or types of 
fatty acids, wherein said protected is lipid produced by the emulsification of lipid with 
protein in the presence of between about 1.5 grams lo about 3.0 grams of formaldehyde 
per 100 grams crude portion. 

According to a fifth embodiment of the invention there is provided a protected 
lipid having desired proportions and/or types of fatty acids, when used in altering the fatty 
acid profile of milk from female ruminant livestock to have said desired proportions 
and/or types of fatty acids, wherein said protected is lipid produced by the emulsification 
of lipid with protein in the presence of between about 1.5 grams to about 3.0 grams of 
formaldehyde per 100 grams crude portion. 

According to a sixth embodiment of the invention there is provided use of a 
protected lipid having desired proportions and/or types of fatty acids, in the preparation of 
feed for altering fatty acid profile of milk from female ruminant livestock to have said 
desired proportions and/or types of fatty acids, wherein said protected Upid is produced by 
the emulsification of lipid with protein in the presence of between about 1.0 grams to 
about 3 . 5 grams of formaldehyde per 1 00 grams crude portion. 
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It is preferred that the protected lipid is produced by the emulsification of lipid 
with protein in the presence of between about 1.75 grams to about 3.0 grams of 
formaldehyde per 100 giams crude portion. Even more preferably, about 2.0 grams to 
about 3.0 grams of formaldehyde per 100 grams crude portion. Still more preferably, 
about 2.0 grams to about 2.8 grams of formaldehyde per 100 grams crude portion. Yet 
still more preferably, about 2.0 grams to 2.6 grams of formaldehyde per 100 grams crude 
portion. 

Preferably, the protected lipid fed in accordance with any one of the first through 
to sixth embodiments of the invention does not constitute the entire ration, but may be fed 
together with any other source of processed or unprocessed feedstuff 

Typically, the ruminant livestock fed the protected lipid in accordance with the 
present invention are selected from the group consisting of: cattle, Sheep, goats and 
buffalo. 

Typically, the term "fatty acid profile" describes the particular fatty acid 
constituents of milk obtained from female ruminant livestock fed protected lipid 
comprising the particular fatty acid constituents to obtain tlie desired fatty acid profile. 

In one aspect, a preferred fatty acid profile may reflect milk fat containing a high 
proportion of soft fats. Typically, such a softer fatty acid profile is a consequence of a 
milk fat containing less saturated and more unsaturated fatty acids (desired proponions of 
fatty acids). More typically, these fats are characterised by any one of the following: 
reduction in the proportions of saturated acids in particular myristic and palmitic, as these 
two acids significantly elevate human LDL cholesterol and also contribute to the 
"hardness" of milk fat; an increase in C18 eis mono-unsaturated (oleic) fatty acids without 
increasing C18 trans mono-unsaturated (elaidic) fatty acids; an increase in CIS di- 
unsaturated (CI 8:2) fatty acid, including conjugated forms of linoleic acid; an increase in 
CI 8 tii-unsaturated (C1S:3) fatty acid; and/or an increase in C20 and C22 omega 
unsaturated fetty acids, such as, C20:5 and/or C22:6. 

A milk fat reflecting a softer fatty acid profile may typically be produced by 
feeding female ruminant livestock a protected lipid source containing CIS 
monounsaturated or polyunsaturated fats, or lipids high in C20 or C22 polyunsaturated 
fatty acids, such as C22:5 and/or C22:6 fatty acids. More typically, the proiected lipid 
source is a oleyl, linoleyl or linolenyl oil containing oil seed. 

Typically, the protected lipid source fed to obtain such a softer milk fatty acid 
profile is selected from the group consisting of plant derived materials including canola 
oilseed, soybean oilseed, sunflower oilseed, linseed (flax) oilseed, sesame- oilseed, grape 
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oilseed, olive oilseed, safflower oilseed, groundnut oilseed, oils derived fix)m these seeds 
and oil by products (ie. acid oil or conjugated linoleic acid) produced during 
refining/hydrogenation processes, marine sources, such as fish oils or mixtures thereof, 
and oils produced by either chemical, microbiological or biotechnology procedures and 
alkali isomerisation techniques. 

In a preferred aspect, the present invention provides a method for producing 
softer milk fat which comprises the feeding of canola/soybean oilseed supplement in 
ratios of about 7:3 (w/w) protected from ruminal degradation. Still more preferably, the 
present invention provides a method for producing softer milk fat which comprises the 
feeding of canola/soybean oilseed supplement in ratios of about 7:3 (w/w), soybean 
oilseed/linseed of about 7:3 (w/w) and soybean oilseed/Hioleic sunflower oilseed of about 
7:3,(w/w) and soybean oilseed/fishoil of about 7:3 (w/w), wherein ihese-lipid sources are 
protected from ruminal degradation. 

Typically, the protected lipid as fed, and as a consequence, the fatty acid profile 
of milk so produced, comprises the following proportions of fatty acids: CI 8:1 cis (25- 
45%w/w), C18:2 (4-15%w/w) and C18:3 (l-8%w/w). Still more typically, the protected 
lipid as fed comprises the following proportions of fatty acids: C1S:1 cis (30-40%vvAv), 
C18:2 (6-10%w/w), including conjugated isomers (0.5 to 5%). C18:3 (l-4%w/w) and C20 
and C22 omega fatty acids, C20:5 and C22:6, (l-2%w/w). 

In another aspect of the invention, the desired proportions and/or types of fatty 
acids in the altered fatty acid profile of the milk refleci a milk fat having a harder fatty 
acid profile, wherein the harder fatty acid profile is a consequence of a milk fat 
comprising more saturated and less unsaturated fatty acids, which is produced by feeding 
female ruminant livestock protected lipid comprising more saturated and less unsaturated 
fatty acids. Typically, the protected lipid source fed to obtain a harder milk fatty acid 
profile is high in hydrogenated fats. Even more typically, such fats are characterised by; 
high proportions of saturated fats and increases in the relative proportions CI 6:0 and 
C18:0 fatty acids. 

Typically, the protected lipid source fed to obtain a harder milk fatty acid profile 
is selected from the group consisting of: cotton oilseed, palm oilseed, tallow, lard and 
sources derived from hydrogenated or partially hydrogenated processes or produced by 
either chemical, microbiological and biotechnology procedures or mixtures thereof; or 
other naturally occurring sources of oils/oilseeds that contain inhibitors of the desamrase 
enzyme systems which operate in ruminant tissues, wherein examples of these inhibitors 
include cyclopropenoids such as sterculate. 
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In a preferred aspect, the present invention provides a method for producing h^d 
milk fai containing more C16:0 and CI 8:0 saturated and less unsaturated fatty acids. 
Such a profile arises from the feeding of cotton oilseed supplement or cotton oilseed and 
palm oilseed in ratios of about 8:2 (w/w), but more preferably, 4:2 (w/w), protected from 
luminal degradation. 

Typically, the protected lipid as fed, and as a consequence, tJie fatty acid profile 
of milk so produced, comprises the following proportions of fatty acids: 25-35%w/vvr 
C16:0, 20-30%w/w C18:0 and 20-25%w/w C18:l. Still more typically, 28^35%w/w 
C16:0, 25-30%w/w C18:0 and 22-25%w/w C18:L Yet still more typically, 30.35%w/w 
C16:0 and 25-30% C18:0%w/w. 

In general, the protected lipid is as described in Australian Patent Nos. 450 530 
and 659 557, the disclosures of which are incorporated herein by reference. 

According to a seventh embodiment of the invention there is provided a method 
for altering the fatty acid profile of milk from female ruminant livestock to have desired 
proportions and/or types of fatty acids, wherein said method is in accordance with the first 
or fourth embodiments of the invention, and wherein said method further comprises 
simultaneously feeding to the female ruminant livestock protected protein, such thai about 
60 to about 80% of said protected protein is capable of passing through the rumen 
undigested leaving about 60 to about 80% of said protected protein is available for 
digestion post-ruminally. 

According to an eigjith embodiment of the invention there is provided protected 
lipid in accordance with the second or fifth embodiments of the invention, further 
comprising protected protein, when used in altering the forty acid profile of milk from 
female ruminant livestock to have desired proportions and/or types of fatty acids, such 
that about 60 to about 80% of said protected protein is capable of passing through the 
rumen undigested leaving about 60 to about 80% of said protected protein is available for 
digestion post-nixninally. 

According to a ninth embodiment of the invention there is provided use of a 
protected lipid in accordance with the third or sixth embodiments of the invention, fiarther 
comprising protected protein, in the preparation of a feed for altering the fatty acid profile 
of milk from female ruminant livestock to have desired proportions and/or types of fatty 
acids, such fliat about 60 to about 80% of said protected protein is capable of passing 
througih the rumen undigested leaving about 60 to about 80% of said protected protein is 
available for digestion post-ruminally. 
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More typically, about 65 to about 80% of protected protein is capable of passing 
undegraded through the rumen. Even more typically, about 70 to about 80% of protected 
protein is capable of passing undegraded through the rumen. Still more typically, about 
72 to about 80% of protected protein is capable of passing undegraded through the rumen. 
5 Yet still more typically, about 75 to about 80% of protected protein is capable of passing 
undegraded through the rumen. 

According to a tenth embodiment of the invention there is provided a method for 
altering the fatty acid profile of milk from female ruminant livestock to have desired 
proportions and/or types of fatty acids, wherein said method is in accordance with the first 
10 or fourth embodiments of the invention, and wherein said method fiirther comprises 
simultaneously feeding to the female ruminant livestock protected protein, wherein said 
protected protein is produced by the reaction with between about O.OSg ^d about l.Og of 
formaldehyde per lOOg crude protein. 

According to an eleventh embodiment of the invention there is provided 
15 protected lipid in accordance with the second or fifth embodiments of the invention, 
further comprising protected protein, when used in altering the fatty acid profile of milk 
fix)m female ruminant livestock to have desired proportions and/or types of fan>' acids, 
wherein said protected protein is produced by the reaction with between about O.OSg and 
about l.Og of formaldehyde per lOOg crude protein. 
20 According to a twelfth embodiment of the invention there is provided use of 

protected lipid in accordance with the third or sixth embodiments of the invention, funher 
comprising protected protein, in the preparation of a feed for altering the fatty acid profile 
of milk from female nmlinant livestock to have desired proportions and/or types of fatly 
acids^ wherein said protected protein is produced by the reaction with between about 
25 0,05g and about l.Og of formaldehyde per lOOg crude protein. 

Typically, the protected protein is produced by the reaction with berween about 
0,lg and about l.Og of formaldehyde per lOOg crude protein. More typically, the 
pitjtected protein is produced by the reaction with between about 0.1 5g and about l.Og of 
formaldehyde per lOOg crude protein. Even more typically, the protected protein is 
30 produced by the reaction with between about 0.2g and about 1 .Og of formaldehyde per 
lOOg cmdc protein. Still more typically, the protected protein is produced by the reaction 
with between about 0.2g and about 0,9g of formaldehyde per lOOg cmde protein. 

In general, the protected protein is as described in Australian Patent No. 659 557, 
the disclosure of which is incoipoiated herein by reference. 
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Preferably, the protected lipid and protein fed in accordance with any one of the 
seventh throu^ to twelfth embodiments of the invention does not constitute the entire 
ration, but nm> be fed together with any other source of processed or unprocessed 
feedstuff. 

According to a thirteenth embodiment of the invention there is provided a 
method for altering the fatty acid profile of milk from female naminant livestock to have 
desired proportions and/or types of fatty acids, wherein said method is in accordance with 
the first or fourth embodiments of the invention, and wherein said method further 
comprises simultaneously feeding to the female ruminant livestock protected 
carbohydrate, such that about 30 to about 80% of said protected carbohydrate is capable 
of passing through the lUmen undigested leaving about 30 to about 80% of said protected 
carbohydrate available for digestion post-ruminally. 

According to a fourteenth embodiment of the inveniion there is provided 
protected lipid in accordance with the second or fifth embodiments of the invention, 
further comprising protected carbohydrate, when used in altering the faiiy acid profile of 
milk from female ruminant livestock to have desired proportions and/or types of fatty 
acids, such that about 30 to about 80% of said protected carbohydrate is capable of 
passing through the rumen undigested leaving about 30 to about 80% of said protected 
carbohydrate available for digestion post-nmainally. 

According to a fifteenth embodiment of the invention there is provided use of a 
protected Kpid in accordance with the third or sixth embodiments of the invention, further 
comprising protected caibohydraie, in the preparation of a feed for altering the fatty acid 
profile of milk from female ruminant livestock to have desired proportions and/or types of 
fatty acids, such that about 30 to about 80% of said protected carbohydrate is capable of 
passing thiougji the rumen xmdigested leaving about 30 to about 80% of said protected 
carbohydrate available for digestion post-ruminally. 

It is preferred that about 40 to about 80% of protected carbohydrates are capable 
of passing undegraded through the rumen. More preferably, about 50 to about 80% of 
protected carbohydrates are capable of passing undegraded through the rumen. Still more 
preferably* about 60 to about 80% of protected carbohydrates are capable of passing 
undegraded through the rumen. Even still more typically, about 65 to about 80% of 
protected carbohydrates are enable of passing undegraded through the rumen. 

According to a sixteenth embodiment of the invention there is provided a method 
for altering the fatty acid profile of milk from female ruminant livestock to have desired 
proportions and/or types of fatty acids, wherein said method is in accordance with the first 
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or fourth embodiments of the invention, and wherein said method further comprises 
simultaneously feeding to the female ruminant livestock protected carbohydrate, wherein 
said protected carbohydrate is produced by the reaction with between about O.I grams and 
about 3 grams of fomialdehyde per 100 grams carbohydrate. 

According to a seventeenth embodiment of the invention there is provided 
protected lipid in accordance with the second or fifth embodiments of the invention, 
further comprising protected carbohydrate, when used in altering the fatty acid profile of 
milk from female ruminant livestock to have desired proportions and/or types of fatty 
acids, wherein said protected carbohydrate is produced by the reaction with between about 
0.1 grams and about 3 grams of formaldehyde per 100 grams carbohydrate. 

According to an eighteenth embodiment of the invention there is provided use of 
a protected lipid in accordance with the third or sixth embodimenis q{ the invention, 
further comprising protected carbohydrate, in the preparation of a feed for altering the 
fatty acid profile of milk from female ruminant livestock to have desired proportions 
and/or types of fatty acids, wherein said protected carbohydrate is produced by the 
reaction with between about 0.1 grams and about 3 grams of formaldehyde per 100 grams 
carbohydrate. 

It is preferred that the protected carbohydrate is produced by the reaction with 
between about 0.1 grams and about 2.5 grams of formaldehyde per 100 grams 
carbohydrate. More preferably, the protected carbohydrate is produced by the reaction 
with between about 0.5 grams and about 2.5 grams of formaldehyde per 100 grams 
carbohydrate. Even more preferably, the protected carbohydrate is produced by the 
reaction with between about 1.0 grams and about 2.5 grams of formaldehyde per 100 
giams carbohydrate. Still more preferably, the protected carbohydrate is produced by the 
reaction with between about 1.5 grams and about 2.5 grams of formaldehyde per 100 
grams carbohydrate. 

Preferably, the protected lipid and carbohydrate fed in accordance with any one 
of the thirteenth through lo eighteenth embodiments of the invention does not constitute 
the entire ration, but may be fed together with any other source of processed or 
I unprocessed feedstuff. 

According to a nineieenth embodiment of the invention there is provided a 
method for altering the fatty acid profile of milk from female ruminant livestock to have 
desired proportions and/or types of fatty acids, wherein said method is in accordance with 
the first or fourth embodiments of the invention, and wherein said method fiirther 
E comprises simultaneously feeding to the female ruminant livestock (i) protected protein, 
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such that about 60 to about 80% of said protected protein is capable of passing through 
the rumen undigested leaving about 60 to about 80% of said protected protein is available 
for digestion post-ruminally, and (ii) protected carbohydrate, such that about 30 to about 
80% of said protected carbohydrate is capable of passing through the rumen undigested 
J leaving about 30 to about 80% of said protected carbohydrate available for digestion post- 
ruminally. 

According to a twentieth embodiment of the invention there is provided 
protected lipid in accordance with the second or fifth embodimems of the invention, 
further comprising (i) protected protein, such that about 60 to about 80% of said protected 
I protein is capable of passing through the rumen undigested leaving about 60 to about 80% 
of said protected protein is available for digestion post-ruminally, and (ii) protected 
carbohydrate, such that about 30 to about 80% of said protected carbohydrate is capable 
of passing through the rumen undigested leaving about 30 to about 80% of said protected 
carbohydrate available for digestion post-ruminally, when used in altering the fatty acid 
profile of milk from female ruminant livestock to have desired proportions and/or types of 
fatty acids. 

According to a nventy-first embodiment of the invention there is provided use of 
a protected lipid in accordance with the third or sixth embodiments of the invention, 
further comprising (i) protected protein, such that about 60 to about 80% of said protected 
protein is capable of passing through the rumen undigested leaving about 60 to about 80% 
of said protected protein is available for digestion post-ruminally, and (ii) protected 
carbohydrate, such that about 30 to about 80% of said protected carbohydrate is capable 
of passing through the rumen undigested leaving about 30 to about 80% of said protected 
carbohydrate available for digestion post-ruminally, in the preparation of a feed for 
altering the feny acid proffle of milk from female niminant livestock to have desired 
proportions and/or types of fatty acids. 

TypicaUy, (i) about 65 to about 80% of protected protein is capable of passing 
undegraded through the rumen, and (ii) 40 to about 80% of protected carbohydrates are 
capable of passing undegraded through the lumen. More typically, (i) about 70 to about 
80% of protected protein is capable of passing undegraded through the rumen, and (ii) 50 
to about 80% of protected carbohydrates are capable of passing undegraded through the 
rumen, StiU more typically, (i) about 72 to about 80% of protected protein is capable of 
passing undegraded through the rumen, and (ii) about 60 to about 80% of protected 
carbohydrates are capable of passing undegraded through the rumen. Yet still more 
typically, (i) about 75 to about 80% of protected protein is capable of passing undegraded 
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through the rumen, and (ii) about 65 to about 80% of protected carbohydrates are capable 
of passing undegraded through the rumen* 

According to a twenty-second embodiment of the invention there is provided a 
method for altering the fatty acid profile of milk from female ruminant livestock to have 

5 desired proportions and/or types of fatty acids, wherein said method is in accordance with 
the fust or fourth embodiments of the invention, and wherein said method further 
comprises simultaneously feeding to the female ruminant livestock (i) protected protein, 
wherein said protected protein is produced by the reaction with between about 0.0 5 g and 
about l.Og of formaldehyde per lOOg crude protein, and (ii) protected carbohydrate, and 

10 wherein said protected carbohydrate is produced by the reaction with between about 0.1 
grams and about 3 grams of fomialdehyde per 100 grams carbohydrate. 

According to a twenty-third embodiment of the invention there is provided 
protected lipid in accordance with the second or fifth embodiments of the in\-ention, 
further comprising (i) protected protein, wherein said protected protein is produced by the 

15 reaction with between about O.OSg and about l.Og of formaldehyde per lOOg crude 
protein, and (ii) protected carbohydrate, and wherein said protected carbohydrate is 
produced by the reaction with between about 0.1 grams and about 3 grams of 
formaldehyde per 100 grams carbohydrate, when used in altering the fatty acid profile of 
milk from female ruminant livestock to have desired proportions and/or types of fatty 

20 acids. 

According to a twenty-fourth embodiment of the invention there is pro\-ided use 
of a protected lipid in accordance with the second or fifth embodiments of the in^'^entio^, 
further comprising (i) protected protein, wherein said protected protein is produced by the 
reaction with between about O.OSg and about l.Og of formaldehyde per lOOg crude 

25 protein, and (ii) protected carbohydrate, wherein said protected carbohydrate is produced 
by the reaction with between about 0.1 grams and about 3 grams of fomialdehyde per 100 
grams carbohydrate, in tiie preparation of a feed for altering the fatty acid profile of milk 
from female ruminant livestock to have desired proportions and/or types of fatty acids. 

Typically, (i) the protected protein is produced by the reaction with between 

30 about O.lg and about l.Og of formaldehyde per lOOg erode protein, and (ii) the protected 
carbohydrate is produced by the reaction with between about 0.1 grams and about 2.5 
grams of formaldehyde per 100 grams carbohydrate. More typically, (i) the protected 
protein is produced by the reaction with between about 0.1 5g and about 1-Og of 
formaldehyde per lOOg crude protein, and (ii) the protected carbohydrate is produced by 

35 the reaction with between about 0.5 grams and about 2.5 grams of formal4ehyde per 100 
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grams carbohydrate. Even more typically, (i) the protected protein is produced by the 
reaction with between about 0.2g and about LOg of formaldehyde per lOOg crude protein, 
and (ii) protected carbohydrate is produced by the reaction with between about 1 .0 grams 
and about 2.5 grains of formaldehyde per 100 grams carbohydrate. More typically, (i) the 
protected protein is produced by the reaction with between about 0.2g and about 0.9g of 
formaldehyde per lOOg crude protein, and (ii) the protected carbohydrate is produced hv 
the reaction with between about 1.5 grams and about 2.5 grams of fomialdehyde per 100 
grams carbohydrate. 

Preferably, the protected lipid, protein and carbohydrate fed in accordance with 
any one of the nineteenth through to twenty-fourth embodiments of the invention does not 
constitute the entire ration, but may be fed together with any other source of processed or 
unprocessed feedstuff 

According to a twenty-fifth embodiment of the invention there is provided a milk 
fat obtained from a female ruminant animal fed in accordance with the method of any one 
of the first, fourth, seventh, tenth, thirteenth, sixteenth, nineteenth or twenty-second 
embodiments of the invention, or obtained from a female ruminant animal fed a protected 
lipid, the lipid in accordance with the second, fifth, eighth, eleventh, founecnth, 
seventeenth, twentieth or twenty-third embodiments of the invention, or obtained from a 
female ruminant animal fed a feed prepared in accordance with the use of any one of the 
third, sixth, ninth, twelfth, fifteenth, eighteenth, twenty-second or twenty-fourth 
embodiments of the invention. 

Typically, the milk fat in accordance with the twenty-fifth embodiment of the 
invention is either a soft or hard fat More typically, the milk fat is comprised of 
nutritionally desirable soft ftits, including n-3 and n-6 essential fatty acids, conjugated 
linoleic acid and C20 and C22 plyenoic fatty acids. 

Typically^ the milk fat obtained in accordance with the twenty-fifth embodiment 
of the invention is used in the production of milk based products. More typically, the 
nxilk based products may be selected from the group consisting of: milk, butter, cheese, 
yoghurt, chocolate and infant formula. Even more typically, the milk based product is 
butter having an altered spreadability. 

Brief Description of the Drawings 
Figure 1 illustrates a graphic representation of the role of feedstufFs, including 
protected lipids, in altering the proportions of fetty acids in milk. Figure 1 illustrates the 
differences in melting profiles between softer milk fats produced from cows receiving 2 
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kg and 3 kg of protected canola/soybean (7:3 w/w) supplement per day and norrnal milk 
fats derived from cows grazing pasture, together with a polyunsaturated margarine for 
comparison. 



Figure 2 also illustrates a graphic representation of the role of protected lipids, in 



5 altering the proportions of fatty acids in milk, in this case, producing harder milk fats. 
Figure 2 reflects an increase in the proportion of CI 8:0 and a decrease in CI 8:1, thereby 
resulting in a substantial increase in both the melting point of milk fat and its hardness, 
and reference is made to Example 7 for the feeding regime which results in this faity acid 
profile. 



In the context of the present invention, the following terms have the meanings set 
out below. * 

In this specification the term "simultaneously'' is used to mean feeding of the 
ruminant livestock within a period of about 24 hours, that is» to realise the benefirs of any 
one of the seventh through to twenty-fourth embodiments of the invention it is not 
essential that the intake of protected lipid and protected protein, and/or protected 
carbohydrate takes place ai the same time, rather it is important that within a given 24 
hour period the animals blood plasma is enriched with lipid, protein and/or carbohydrate 
constituent? by absorption from the abomasum or lower digestive tract. 



action of the ruminant environment, but available for absorption from the abomasum or 
lower digestive tract Lipids are protected by their encapsulation in a matrix of aldehyde 



encapsulating protein alone. That is, the availability of the encapsulating protein 
protecting the lipid is sacrificed to a large extent in order to maintain the lipid beyond the 
rumen. Thus ensuring that almost all the protected lipid does indeed pass through the 
rumen undigested. For the purposes of this invention dietary lipids can be protected from 
ruminal metabolism by encapsulation in such a matrix of cross-linked proteins, and the 
prefeired window of protection ranges from 60% to 90%. In terms of the protected 
protein constituent of feed of the invention, the degree of rumen protection lies in the 
range 60 to 80%» that is, 60 to 80% of the protein content of the supplement will pass 
undegraded through the rumen. Similarly, in temis of the protected carbohydrate 
constituent of feed of the invention, the degree of rumen protection lies in the range 30 to 



Definitions 



By "protected" we mean treated so as not to be fiilly exposed to the dcgradative 



treated protein. Importantly, the degree of protection of the formaldehyde-treated protein 
encapsulating the lipid is much greater than the degree of protection afforded the 
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80%, that is, 30 to 80% of the carbohydrate content of the supplement will pass 
undegraded through the rumen. 

Suitable techniques should allow accurate control of the amount of cross-linking 
that occurs between the lipid, protein and carbohydrate feedstuffs, and the aldehyde. This 
may be achieved by varying the amount of aldehyde relative to the lipid, protein and 
carbohydrate content, so that the lipid, protein and carbohydrate is optimally "protected" 
from rumen degradation, but may be completely digested and absorbed from the small 
intestine. 

"Protected lipid'' is defined as lipid soluble material that normally contains long 
chain fatty acids and is treated either chemically or physically to reduce its degradation in 
the rumen, but allows the fatty acids to be available for absorption from the intestine. The 
degree of protection ranges from about 60 to about 90%, that is, about 60 to about 90% of 
the fat supplement will pass imdegraded tlirough the rumen. In the context of the present 
invention when protected lipid is fed, a degree of protection of about 75 to about 90% is 
preferred. 

"Protected protein" is defined as proteinaceous material that is treated chemically 
or physically to reduce the rate of degradation of the constituent amino acids in the rumen. 
The degree of protection will vary from about 60 to about 80%, that is, about 60 to about 
80% of the protein will pass undegraded through the rumen. In the context of the present 
invention when protected protein iS fed. a degree of protection of about 70-75 to about 
80%, is preferred, 

"Protected carbohydrate" is defined as carbohydrates or carbohydrate containing 
material that is treated chemically or physically to reduce the rate of degradation in the 
rumen but allows the carbohydrate to be readily digested in the small intestine. The degree 
of protection will vary from about 30 to about 80%, that is, about 30 to about 80% of the 
carbohydiute will pass undegraded through the rumen. In the context of the present 
invention when protected carbohydrate is fed, a degree of protection of about 65 to about 
80% is preferred, 

By ••grain" we mean plant derived concentrates, and these include barley* wheat, 
oats, sorghum etc. 

By "carbohydrate" we mean complex carbohydrates such as polyhydroxy 
aldehydes, ketottes, alcohols or acids, their derivatives, and any compound that may be 
hydrolysed to these, 

"Protein" is defined as proteinaceous material containing individual amino acids 
linked together. 
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"Fat" is defmed as lipid soluble material and normally contains long chain fatt>' 
acids of carbon chain length >C10. 

By '^roughage" we mean plant derived cellulose materials containing varying 
proportions of fibre which are digested at different rates in the rumen. 
5 By "minerals and vitamins" we mean supplement of anions, cations, trace 

elements and fat-soluble vitamins A, C. D and E that are normally included in feed 
rations. 

Best Modes of Carrying Out the Invention 

In the performance of this invention in general, protected lipid is included in the ' 
ration in an amount up to about 45% of dry matter intake. More preferably, protected 
lipid is included in the ration in an amount between about 10% to about 30% of dr>' matter 
intake. Even more preferably, in an amount between about 8% to afeout 16% of dr>' 
matter intake. Still more preferably, in an amount between about 8% to about 12% of dr>' 
matter intake. 

However, it is likely to be most practical to feed animals protected lipid as a 
supplement which also combines both a protected protein and a protected carbohydrate, 
la those instances where protected lipids are used in combination with protected 
carbohydrate and/or protected protein, a ratio of 1 :1 : J w/w/w is often used to manufacture 
the protected feed supplement, and the supplement is typically included in ihe ration ai 
about 10-45% during the lactation phase. Preferably the protected feed supplement is 
included in the ration at about 15-45% of dry matter intake during the lactation phase, 
more preferably, at about 15-30% of dry matter intake during the lactation phase, and 
even more preferably, at about 20-30% of dry matter intake during the lactation phase. 

Preferably, the protected feed supplements are fed at a rate of between about 3 
and about 5 kilograms per ruminant animal per day. More preferably, the protected feed 
supplements are fed at a rate of between about 4 and about 5 kilograms per rummani 
animal per day. 

Examples of the mechanisms by which protected lipid, protected protein and 
protected carbohydrate may be produced are described in Examples 8, 9 and 10 
respectively. 

An economically viable source of lipid, carbohydrate and protein is likely lo be 
cereal gr3in. Sources of such cereal grain are likely to include: barley, maize, oats, wheat, 
rice, millet, triticale, rye, and sorghum. Other sources of lipid, carbohydrate and protein 
ixxclude oil seed, oil and lipids, derived from plants, animals and the by-products of food 
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processing for. human consumption. As described by Kirk-Othmer (1980), sources of 
such oilseeds, oil and lipids include the following: com, soybean, cotton, lupin, peanut, 
sunflower, canola, sesame seed oil, olive oil, copra and coconut oil, palm kernels and 
palm oil, casein, butterfai, lard, fish oils, linseed and oil. tung oil, tallow and yellow 
grease. A still further source of lipid includes lipid products or conjugated linoleic acid 
products, derived from oil sources via chemical, microbiological or biotechnology 
processes, including, alkali isomcrisation techniques, or mixtures thereof; or other 
namrally occurring sources of oils/oilseeds that contain inhibitors of the desaturase 
enzyme systems which operate in ruminant tissues, wherein examples of these inhibitors 
include cyclopropinoids such as sterculate. 

The wide diversity of lipid sources offers the flexibility to select componenis of 
the lipid according to the relative prices and availability of raw materials, and the same 
holds for carbohydrate or protein sources. The selection of the source of the lipid, 
carbohydrate and/or protein to be protected, is normally dependent on their seasonal 
availability and price. There is no particular inherent advantage provided by feeding any 
one lipid, nor for that matter, any one carbohydrate or protein source which precludes its 
use over another, provided of course that the source of lipid is such that it produces the 
desired proportions of fatty acids in the milk products. 

Clearly the benefits possible from practising this invention can be expected lo be 
related to the continuity and period of feeding the protected lipid and to amounts fed, bui 
other factors such as animal specifications, eg. genotype, age, and physiological condition 
and the environmental situation (temperature, humidity), should also be taken into 
account when deciding on the feeding regime to be adopted. 

In one aspect of the invention, softer milk fats may be obtained through the 
feeding of protected canola seed, sunflower seed, or any other oleyl or linoleyl oil 
containing oil seed, that is fats containing CI 8 monounsaturated or polyunsaturated fats. 
For example, lipids high in CI 8:1, CI 8:2 and CI 8:3 fatty acids. 

Furthermore, the softer milk fats may be obtained through the feeding of 
protected fish oils. For example, lipids high in C20 or C22 polyunsaturated fatty acids, 
such as C22:5 and/or C22:6 fatty acids. 

In a more preferred aspect, the present invention provides a r:?'ro'^ for 
producing softer milk fat containing less saturated and more unsaturated ' it.^ ^r.i^s, ./hich 
comprises the feeding of canola/soybean oilseed supplement in ratios o iO.rj. , .3 v/'w) 
protected from mminal degradation. 
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Preferably, the softer milk fat obtained via the feeding regime of the present 
invention may contain the following proportions of fatty acids: CIS: I cis (25-45%w/w), 
C1S:2 (4-15%wAv) and C1S:3 (l-8%w/w). Even more preferably, the softer milk fat 
obtained via the feeding regime of the present invention may contain the following 
proportions of fatty acids: C18:l cis (30-40%w/w); C18:2 (6-10%w/w), including 
proponions (0.5 to 5%) of conjugated isomers, C18:3 (2-4%w/w); ClOiS and/or C22:6 (1- 
2% w/w). 

In another aspect of the invention, there is provided a method for producing 
harder milk fat containing more saturated and less unsaturated fatty acids, which 
comprises for example the feeding of cotton oilseed supplements protected from ruminal 
degradation. 

In another aspect of the invention, the harder milk fats may be obtained through 
the feeding of protected oils enriched in saturates, for example hydrogenated fats. 

Preferably, the harder milk fats may be obtained through the feeding of proiected 
cotton seed, due to the presence of cyclopropene fatiy acids and additional dietary CI 8:2 
which acts to inhibit A9 desaturase enzyme, an enzyme which converts additional CI 8:0 
into ClSil within the mammary gland. 

Preferably, the harder milk fat obtained via the feeding regime of the present 
invention may contain the following proportions of fatty acids: 25-35%w/w CI 6:0, 20- 
30%w/w C18:0 and 20-25%w/w C18:l. More preferably, 2S'35%w/w C16:0, 25- 
30%w/w C18:0 and 22-25%w/w C18:1, and still more preferably, 0-3S%w/w C16:0 and 
25-30% Cl8:0%w/w. 

The milk fat produced by the feeding regime of the present invention may be 
used in all milk based products, including for example: milk, butter, cheese, yoghurt, 
chocolate and infant formulas. 

Milk based products with the fatty acid characteristics obtained through the 
feeding regime of the present invention, such as for example: butter, cheese, yoghurt, 
chocolate and infant fomiulas, are produced according to the relevant manufacturing 
processes well accepted in fhe art 

Preferably, butter derived from the softer milk fat produced by the feeding 
regime of the present invention provides improved spreadability. 

Preferably, milk based products with the fatty acid characteristics obtained 
through the feeding regime of the present invention contain a desirable ratio of n-6/n-3 
fatty acids for human nutrition. More preferably, a desirable ratio of n-3M-3 fatty acids is 
considered to be 5:1 or less. For example, in Table 2, a ratio of 3.1:1 was achieved by 
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feeding protected canola soybean supplements to dairy cows at the rate of approximately 
2.5 kg per head per day, eqmvalent to 750g fat (see Table 1). 

In accordance with the invention, the feeding of protected lipid, together with 
protected protein and protected carbohydrate, in addition to designing milk fat profiles, 
also results in improvements in relation to growth rate and/or carcass qualiiy. 

Test Methods 
1. In-Vitro Biological Evaluation of Feed Supplements 

(a) Rumiaal hydrogenation of unsaturated lipids. 

Samples of imsatuiated lipid supplements (containing ca. 40-50mg of oil) are 

incubated in test tubes with lOmL of strained rumen fluid. The tubes are flushed with 

nitrogen, capped with rubber serum caps and incubated in a shaking water bath at 38^=0 

for periods up to 20h. The incubated and corresponding unincubated reaction mixtures 

are saponified and the fatty acids extracted and methylated. The methyl esters are 

analysed by gas liquid chromatography (GLC), and the extent of protection against 

ruminal hydrogenation calculated using the formula; 

% 18:2 after incubation 

Protection (%) = ^ ^ ^ ; — TT^ ^ 100 

% 18:2 before incubation 

The endogenous level of polyunsaturated fatty acids in the rumen fluid was 
always less than 2% by weight of the total fatty acid, and thus had linle effect on ihe 
above calculations. The hydrogenating capacity of each batch of rumen fluid is verified 
by incubating the rtunen fluid with samples of polyunsaturated oil-casein supplements 
prepared without formalin. 

(b) Rummal Upolysis of triacylglycerol 

Samples of the lipid supplements (containing ca, 40-SOmg of lipid) are incubated 
with lOmL of strained rumen fluid as described above. When the extent of triacylglycerol 
(TG) hydrolysis is measured by GLC, heptadecanoic acid (I7:0)(20mg) is added lo each 
reaction tube as an internal standard. 

The incubated and corresponding unincubated reaction mixmres are extracted 
with lOmL of cfaloroform-methanol (C/M 2:1 v/v) containing O.SmL of 5M HCL The 
mixtures of rumen fluid and acidic C/M are vigorously shaken and allowed to stand for 2- 
4h until two phases were clearly distinguished. 

The upper aqueous phase is removed and discarded and the lower organic phase 
filtered to remove suspended matter. The filtrate is evaporated to dryness using rotary 



Substitute Sheet 
CRTile36)R0/AU 



wo 01/1 1978 PCT/AU00/009S3 

HP 

film evaporator, and the extent of TG hydrolysis estimaied using either thin layer 
chromatography (TLC), or if 17:0 was added, GLC methods described below. 

(i) TLC analysis of the extracted lipids is cairied out using silica gel G and a 
solvent system of petroleum ether: diethyl etheracetic acid (84:15:1, v/v/v). The 
5 separated lipids are visualised by spraying with an ethanolic solution of 2,7- 
dichloro fluorescein (0.2% w/v) and viewing under UV light The extent of TG hydrolysis 
can only be estimated qualitatively by comparing the relative intensities and sizes of ihe 
TG and free fatty acid (FFA) spots in both the incubated and the unincubated reaction 
mixtures. 

10 (ii) GLC analysis is xxsed in conjunction with the 17:0 internal standard to assess 

the degree of TG lipolysis. This method rehes on the determination of the proponion of 
17:0 in the FFA fraction of the incubated and the unincubated lipid extracts. The diluiion 
of 17:0 in the FFA fraction which occurs during incubation is used as an index of ruminal 
lipolysis. The FFA in the lipid extracts are methylated with dia^omethane and the methyl 
15 esters separated by GLC. In addition, samples of the total lipid extracts are saponified, 
acidified, and extracted with petroleum ether, and the total fatty acids obtained are also 
methylated with diazometbane and analysed by GLC. The GLC 17:0 measurements were 
used to estimate the following values: 

TFA to - Total fatty acids at Oh 
20 TFA 120 = Total fatty acids at 20h 

FFA to = Free fatty acids at Oh 
FFA t2o = Free fatty acids at 20h 

EFFA to = Endogenous ruminal free fatty acids at Oh (from unincubated rumen 
fluid controls) 

25 EFFA t2o — Endogenous ruminal free fatty acids at 20h (from incubated rumen 

fluid controls). 

From these values it was possible to calculate the following two other values: 
RFA 1o (released fatty acids at Oh) = FFA to - EFFA to 

and 

30 RFA t2o (released fatty acids at 20h) ^ FFA l^o - EFFA tzo 

The resistance to ruminal lipolysis is then calculated using the fomiula: 

TFAt2o-RFAt2o 
Resistance x100 
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(c) Ruminal carbohydrate protection 

The protection of carbohydrate is detennincd by the measurement of the residua) 
starch remaining after 24h in saeeo. 5g of treated or imtreated carbohydrate are sealed 
into 3x5cm nylon bags (S2im pore size) which are inserted with appropriate weights in the 
rumen of a sheep for 24h. These bags are removed, washed in deionised water and freeze 
dried and the weight of residue remaining determined. The residues and incubated 
samples are ground through a mill (containing a O.Smm screen) and the starch determined 
on a lOOmg sub-samples enzymatically using a "Megazymc" total starch assay kit 
(distributed by Deltagen Australia. 31 Wadhurst Drive. Boronia, Victoria Australia. 
3155). All starch values measured are corrected to known standards provided in the kit. 
The protection of the protected carbohydrate is then calculated as the ratio of the total 
starch in the untreated and treated sample. 

(d) Ruminal protein solubility 

The release of ammonia during in vitro incubation with rumen fluid is used as a 
measure of the solubility of the proteins. To lOmL of strained rumen fluid, sufficieni 
lipid supplement is added to supply 75mg of protein, and the mixture was incubated 
anaerobicaJly at 37'C for 20h. The reaction flasks including rumen fluid blanks are 
treated with 5mL of 0.2 M H2SO,. The mixmres are centrifuged to remove suspended 
matter, and ammonia is estimated in the supernatant after steam distillations. Net 
anunonia production is calculated from the difference between the incubated and blank 
values corrected for ammonia initially present. 

2. In-vivo Biological Evaluation of Supplements 
(a) Ruminal carbohydrate protection 

The protection of carbohydrate is determined by the measurement of the residual 
starch remaining after 24h in saeeo. 5g of treated or untreated carbohydrate are sealed 
into 3x5cm nylon bags (52pm pore size) which are inserted with appropriate weights in 
the rumen of a sheep for 24h. These bags are removed, washed in deionised water and 
freeze dried and the weight of residue remaining determined. The residues and incubated 
samples are ground through a mill (containing a O.Snun screen) and the starch detennined 
on a lOOmg sub-samples enzymatically using a "Megazyme" total starch assay kit 
.(distributed by Deltagen AustraUa, 31 Wadhurst Drive, Boronia, Victoria Australia. 
3155). All stardi values measured are corrected to known standards provided in the kit. 
The protection of the protected carbohydrate is then calculated as the ratio of the total 
starch in the untreated and treated sample. 
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(b) Rumioal hydrogenation of unsaturated lipids. 

This te&hnique is dependent on evidence that the total long chain faciy acids 
passing from the abomasum is approximately equal lo the intake in the diet Hence the 
change in concentration of 18:2 and 18:3, gives an approximation of the degree of 
hydrogenation. The animals are fed basal diets of chopped alfalfa hay and oats (1:1, w/w) 
SOOg/day. The abomasal digesta is sampled via an abomasal fistula at various time 
periods and ca. 20mL of digesta saponified and fatly acids extracted as described for the 
rumen fluid incubations. The extracted fatty acids are methylated and analysed by GLC. 
The proportion of polyunsaturated fatty acid (eg., 18:2) in the abomasal lipids is compared 
with a theoretical level estimated by assuming (a.) that all of the 18:2 in the lipid 
supplement was protected against niminal hydrogenation; (b.) that all of the 18:2 in the 
basal diet was hydrogenaied; and (c.) that there was no significant synthesis or 
degradation of the carbon skeleton of fatty acids by micro-organisms. The in vivo 
protection of these supplements is calculated using the formula: 

% protection = ActiiRl%18-? inahomr. . sMm ^ 

Theoretical % 18:2 in abomasum 

As an example, a sheep receiving 400g of alfalfa hay, 400g of crushed oats and 
300g of a formaldehyde treated safflower oil/casein (2:1 w/w) supplemeni would receive 
3% of the basal diet of alfalfa and oats as fatty acids, ie., 24g, and 1 78g of fatty acids from 
the lipid supplement (corrected for glycerol moiety). 

The 18:2 content of the supplementary fatty acids is 75% or 134 g. Using the 

above assumptions, the content of 18:2 in the abomasal fatty acids should be 134/(178 + 

24) = 66%, If the actual 18:2 content of abomasal fatty acids is 53%, then the percentage 

protection =^ x 100 =^ 80%. 
66 

3. Other Chemical Analyses 

Moisture content of feed ingredients is determined by heating at 100°C for at 
least 12h. Protein content is determined by the Kjeldahl method. Formaldehyde content 
of supplements is determined by the method of Van Dooren J. Sci. Food Agric. (1975). 
26: 1263. 

The invention will nov/ be described in greater detail by reference to specific to 
examples, which should not be construed as limiting on the scope thereof 
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Examples 

Example 1: Feed Supplements for the Production of Softer Fats 
Feeding to lactating cows a canola/soybean blend (7:3w/w) supplement (75% 
protected from mminal hydrogenation) at the rate of approximately 10% of dry matter 
intake, provided about 750 g fat. The fany acid composition of the supplement and the 
daily intake of fatty acid per cow per day are provided below in table 1 . 



Table 1: Composition of Canola/Soybeao Supplement (7:3 w/w) and daily intake of 
fatty acids 



Fatty Acid 


% by Wt 


g/d 


18:1 


51.2 


345.6 


18:2 


28.7 


193.7 


18:3 


10.7 


72.2 



Example 2: Feed Composition for the Production of Softer Fats 

From the supplements described in Example 1. the following fatty acid profile 
was obtained from cows grazed at pasture and supplemented with the protected lipid once 
daily, and wherein milk was sampled after the morning milking. Control cows were 
grazed at pasnire and were supplemented during milking with about 4kg/d of a daii>' 
concentrate pellet containing no protected fat. The fatty acid composition of the control 
and fat-modified dairy products is outlined below in Table 2. 



Table 2: 



Mean fatty acid profiles of control and fat-modified dairy products 



Fatty Acid 


Control % by wt of total 
fatty acids 


Fat-Modified ! 


Butyric (4:0) 


5.7 


5.5 


Caproic (6:0) 


2.7 


2.5 j 


C^rylic (8:0) 


2.9 


1.3 


Capric (10:0) 


2.8 


2.3 


Laurie (12:0) 


3.3 


2.3 


Myristic (14:0) 


10.0 


6.7 


Palmitic (16:0) 


25.9 


15.5 
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Stearic (18:0) 


11.7 


14.3 


Oleic (IS.l) 


22.8 


35.3 , 


Linoleic (18:2) 


1.5 


6.9 1 


Linolenic (18:3) 


0.7 


2 2 



Example 3: Feed supplement for the production of milk fat enriched with 

C20 and C22 n-3 fatty acids 
Feeding lactating cows a rumen protected tuna oil-soybean lipidprotein 
(sunflower meal) (23:67:10; w/w/w) supplement (75% rumen protection in vitro) at the 
rate of approximately 2.2Kg/h/day, the following fatty acid profile was obtained. Control 
cows were grazed at pasture and were supplemented during milking with about 4kg-d of a 
dairy concentrate pellet containing no protected fat. The fatty acid composition of the 
control and fat-modified dairy products is outlined below in Table 3: 



Table 3. Fatty acid profile of control and C20, C22 (n-3) enriched milk fat 



Fatty acid 


Control 


n-3 enriched 




milk fat 


milk fat 


< C14:0 


13.7 


7.6 


C14:0 


n.o 


8.7 


C16:0 


31.1 


23.6 


C16:1 


1.5 


1.1 


C18:0 


10.8 


11.9 


C18:l 


23.6 


27.6 


C18:2 


2.4 


6.2 


C18;3 


0.2 


1.3 


C20:5 


Nd 


0.5 


C22:6 


Nd 


1.0 



Ncl=not detectable 

Note the significant increase in the proportion of the C20:5 and C22:6 fatty acids in milk 
from cows consuming protected tuna oil supplement. 
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Example 4: Feed supplements for the production of milk fat enriched with 

CI 8 n-3 fatty acids 

Feeding lactafing cows a mixture containing 90 parts of rumen proiecied linseed 
oil-soybean lipid (3:7w/w; 80% nimen protection hi ^>iiro) and 10- pans of rumen 
protected sunflower meal protein (60% nanen protection in vitro) at the rate of 
approximately 1.5Kg/h/day. the following fetty acid profile was obtained. Control cows 
were grazed at pasture and were supplemented during milking with about 4kg/d of a dair>- 
concentrate peUet containing no protected fet. The fatty acid composition of the control 
and fat-modified dairy products is outlined below in Table 4:- 



Table 4. Fatty acid profile of control and C18 (n-3) enriched milk fat 



Patty acid 


Control 


n-3 enriched 




milk fat 


milk fat 


C8:0 


2.0 


2.0 


CI 0:0 


2.5 


2.5 


CI 2:0 


2.7 


2.6 


C14:0 


10.6 


8.3 


C16:0 


30 


18.6 


C16:1 


0.4 


0.4 


C18:0 


8.2 


11.5 


CI 8:1 cis 


24.5 


24.0 


CI 8:1 trans 


2.2 


2.9 


C18!2 


2.6 


8.2 


C18;3 


0.7 


3.6 



Note the significant increase in the proportion of the CI S n-3 fatty acids content 
in milk fat from cows consuming protected linseed oil supplement. 

Example 5: Feed supplement for the production of mtik fat enriched in 

CI 8:1 CIS mono-unsaturated fat 

Feeding lactating cows a nimen protected sunola oil-casein supplement (1:1: 
w/w) (80% rumen protection m vitro) cbntaining 10% protected protein (sunflower meal) 
supplement at the rate of SKg/h/d. the following fatty acid profile was obtained. As per 
the examples outlined above, control cows were grazed at pasture and were supplemented 
during milking with about 4kg/d of a dairy concentrate pellet containing no protected fat. 
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The fatty acid composition of the control and fat-modified dairy products is outlined 
below in Table 5:- 



Tablc 5. Patty acid profile of control and CI 8: 1 eis enriched milk fat 



Fatty acid 


Control 


n-3 enriclied 




milk fat 


milic fat 


C8:0 


2.5 


2.0 


CI 0:0 


3.0 


1.7 


CI 2:0 


3.0 


2.0 


C14:0 


10.6 


7.5 


CI 6:0 


31.7 


18.2 


CI 6:1 


1.6 


0.6 


CI 8:0 


13.4 


13.2 


CI 8:1 CIS 


21.6 


43.2 


CI 8:1 trans 


2.1 


1.9 


CI 3:2 


2.0 


3.6 


Cia:3 


D.5 


0.7 



Note tlic significant increase in the CIS cis monounsaturaied fatiy acid in milk fat from 
cows fed the protected sunola oil supplement. 

The following table demonstrates that the feeding of nunen protected lipid 
supplements significantly increases the proportion of fats that is soft at different 
temperatures. 



Table 6. The melting characteristics of milk fat from cows at Pasture 
supplemented with rumen protected lipids 



Melting Characteristics 


Pasture 


Linseed-Soybean 


Tuna oil-Soybean 






lipid 


lipid 


Liquid at 5° C (%) 


35.3 


65.1 


55.4 


Liquid at 20" C (%) 


68-3 


90.4 


86.5 
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Example 6: Feed supplements for the production of milk fat enriched with 

CI 8 conjugated h'noleic acid (CLA's). 
Feeding to lactating goats a nimen protected CLA/casein supplement (1:1; w/w) 
(70% rumen protecdon in vitro) at the rate of SOg /h/d produced the following fatty acid 
profile in milk, the following fany acid profile was obtained. Control goats were fed 2.4 
kg/d of lucerne chaff/oat grain (60:40 w/w). The fatty acid composition of the control and 
fat-modified dairy products is outlined below in Table 7:- 



Table 7. Fatty acid profile of control and CLA enriched milk fat from goats 



Fatty acid 


Control 


n-3 enriched 




milk fat 


milk fat 


< C14:0 


11.1 


6.4 


C14:0 


8.3 


6.7 


C16;0 


23.6 


22.1 


C18:0 


14.7 


23.5 


C18:1 


26.1 


22.6 


C18:2 


2.2 


2.7 


CI 8:3 


0.7 


0.7 


CLA 9c, 11t 


0.6 


2.2 


CLA10t.12c 


nd 


1.9 



Nd=Not detected 

Note the significant increase in the two major CLA isomers (9 eis, 1 1 trans; 10 
trans. 12 cif ) in milk fat from goats fed the protected CLA supplement. 

Example 7: Feed Composition for the Production of Harder Fats 

In this example, the proportion of C18:0 increased and there was a decrease in 
CI 8:1, thereby resulting in a substantial increase in both the melting point of milk fat and 
us hardness. This change is outlined in Figure 2, and again illustrates the role of protected 
lipids in altering the proportions of fatt>' acids in milk. 

The feeding regime used to induce the changes in Figure 2 comprised a basal 
ration of lucerne hay and oat grain (1:1. w/w) supplemented with varying levels of 
protected cotton seed ranging from 0-80% which replaced a canola soybean (80:20. w/w) 
supplement lo provide 1 10 grams of protected fat per day. 
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Example 8: Protected Lipid Preparation 

Cottonseed was coarsely comminuted in a hammer mill and mixed with 
ethoxyquin (ISOppm on an oil basis). This material was then mixed with water to 
produce a slurry and. after «nulsification of the oil and protein in a coUoid^ione mill, the 
caustic soda was added to solubilise the oilseed protein. The protein constituents of the 
homogenised oil seed were cross-linked with 37% (w/v) formaldehyde at the rate of 
approximately 1.5-3g formaldehyde per lOOg cnide portion to form a gel which was then 
dried in a pneumatic drier with an average hot air temperature of 300'C to complete the 
reaction and produced a protected lipid that was 60-90% resistant to metabolism in the 
rumen in vitro. 

(a) Protected Canola Lipid 

Canola lipid was emulsified with protein, and the protein constituents of the 
homogenised oil seed were cross-linked with fomialdehyde at a rate of approximately 
2.5g formaldehyde per lOOg crude ponion producing a supplement that was 75% resistant 
to metabolism in the rvrnien in vitro. 

(b) Protected Cotton Lipid 

Cotton Upid was emulsified with protein, and the protein constituents of the 
homogenised oil seed were cross-linked with fomialdehyde at a rate of approximately 
3.0g formaldehyde per lOOg crude portion producing a supplement that was 80% resistant 
to metabolism in the rumen in vitro. 

(c) Protected Cotton - Tallow Lipid 

Cotton-tallow lipid was emulsified w-iih protein, and the protein constituents of 
the homogenised oil seed were cross-linked with formaldehyde at a rate of approximately 
2.5g formaldehyde per lOOg crude portion producing a supplement that was 80% resistant 
to metabolism in the rumen in vitro. 

(d) Protected Fish Oil - Soybean Lipid 

Soybean-fish oil was emulsified with protein, and the protein constituents of the 
homogenised oil seed were cross-linked with fomialdehyde at a rate of approximately 
2.5g fonmaldehyde per lOOg crude portion producing a supplement that was 75% resistant 
to metabolism in the rumen in vitro. 

(e) Protected Linseed Oil - Soybean Lipid 
Soybean-Linseed oil was emulsified with protein, and the protein constituents of 

the homogenised oil seed were cross-linked with fomialdehyde at a rate of approximately 
2.5g formaldehyde per lOOg crude portion producing a supplement thai was 80% resistant 
to metabolism in the rumen in vitro. 
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CO Protected Sunola - Soybean Lipid 
Soybean-Sunola oil was emulsified with protein, and the protein constituents of 
the homogenised oil seed were cross-linked with fonnaJdehyde at a rate of appn,ximately 
2.5g fonnaldehyde per 1 OOg cnide portion producing a supplement that was 75% resistant 
to metabolism in the rumen in vitro. 

(g) Protected Conjugated linoleic acids (CLA) 
An oil containing 60% conjugated linoleic add was emulsified with casein and 
the protein constituents of the homogenised oil were cross-linked with formaldehyde' at a 
rate of approximately 2.5g formaldehyde per lOOg crude portion, producing a supplemem 
that was 70% resistant to metabolism in themmen in vitro. 

Example 9: Protection of Protein Supplements 
Protected protein was prepared by spraying 37% (WA^) formaldehyde at rhe rate 
of between 0.05 and O.gg formaldehyde per lOOg crude protein into a rapid mixing device 
containing milled oil seed meal (38% crude protein). This material was then transferred 
to sealed storage for 10 days to give a supplement 50-70% resistant to proteolysis in the 
rumen. 

(a) Protected Sunflower Protein 

Protected sunflower protein was prepared by reacting appi^ximaielv 0.7g 
formaldehyde per lOOg with milled sunflower seed meal (38% crude protein, 2% crxidl 
lipid), producing a supplement 65% resistant to proteolysis in the njmen. 

(b) Protected Canola Protein 

Protected canola protein was prepared by reacting approximately 0.5g 
fonnaldehyde per lOOg with milled canola seed meal (38% cmde protein, 2% cmde lipid), 
producing a supplement 70% resistant to proteolysis in the ramen. 

(c) Protected Lupin Protein 

Protected lupin protein was prepared by reacting approximately 0.6o 
fonnaldehyde per lOOg with milled lupin seed meal (38% cmde protein. 5% cmde lipid)' 
producing a supplement 65% resistant to proteolysis in the mmen. 

(d) Protected Cottonseed Protein 

Protected cottonseed protein was prepared by reacting approximately 0.3g 
formaldehyde per lOOg with miUed cottonseed seed meal (3S% cmde protein. 2% cmde 
lipid), producing a supplement 75% resistant to proteolysis in the mmen. 
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Example 10: Protection of Carbohydrate Supplements 
Grd.in was coarsely comminuted in a hammer mill lo a panicle size of 
approximately 2.5mm or smaller. Protected carbohydrate was then prepared by spraying 
37% (W/V) formaldehyde at the rale of between 0.1 and 3.0 grams formaldehyde per 
lOOg crude carbohydrate into a rapid mixing device containing milled concentrate. This 
material was then transferred to sealed storage for 10 days to give a protected 
carbohydrate supplement 30-80% resistant to degradation in the rumen. 

(a) Protected Wheat Carbohydrate 

Protected wheat carbohydrate was prepared by reacting approximately L2g 
formaldehyde per lOOg with milled wheat, producing a supplement 65% resistant lo 
degradation in the rumen. 

(b) Protected Barley Carbohydrate 

Protected barley carbohydrate was prepared by reactmg approximately 1.4g 
formaldehyde per lOOg with milled barley, producing a supplement 70% resistant to 
degradation in the rumen- 
Industrial Applicability 
The present invention makes use of nutritional materials protected against ramen 
degradation, but offers the possibility of altering the fatty acid profile of milk produced 
from female ruminant livestock. In particular, it describes feed supplements ^vhich 
produce milk with a desired fatty acid composition and are useful in producing products 
with a range of melting profiles. Practise of this invention can be expected to offer 
economic benefits irrespective of the type of animal in question. 
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Claims 

I.- 



A method for altering the fatt%' acid profile of milk from female 
rummant livestock to have desired proportions and-'or t>pes of fatty acids, wherein said 
method comprises feeding to the ruminant livestock, protected lipid having said desired 
proportions of fatty acids, such that about 60 to about 90% of said protected lipid is 
capable of passing through the rumen undigested leaving about 60 to about 90% of said 
protected lipid available for digestion post-ruminally. 

2. -The method according to claim 1, wherein about 75 to about 90% of 
protected lipid is capable of passing undegraded through the rumen. 

3. A method for altering the fatty acid profile of milk from female 
nnmnant livestock to have desired proportions of fa«y acids, wherein said method 
comprises feeding to the ruminant livestock protected lipid having said desired 
proportions of fetty acids, wherein said protected Upid is produced by the emulsificadon 
of hpid with protein in the presence of betxveen about 1.5 grams and about 3 grams of 
formaldehyde per 1 00 grams crude ponion. 

4. The method according to claim 3. wherein the protected lipid is 

produced by the reaction with betxveen about 2.0 grams and about 2.6 grams of 
formaldehyde per 1 00 grams crude portion. 

5- The method according to any one of claims 1 to 4, wherein the desired 

proportions and/or types of fatty acids are: CIS.I cis (25-45%w/w); CI8:2 (4-15%vvAv) 
including conjugated isomers (0.05 to 5%w/w). C18:3 (1.8%wAv); C20:5 and C22-6 
omega fatty acid (l-3%w/w). 

6. The method according to any one of claims I to 4, wherein the desired 

proportions and/or t>pes of fatty acids are: Cl6:0 cis (25-35%u-/w), C1S:0 (20.30%w/w) 
andC18:l (20-25%w/w). 

7- The method according to any one of claims 1 to 6, .vherein the source of 
hpid IS selected from the group consisting of: soybean, cotton, lupin, peanut, sunflower 
canola. sesame seed, copra and coconut, palm kernels, linseed, casein, buttcrfat, lard fish 
oils, tung oil, tallow, and oil lipid products derived from oil sources by 
chemical/biological processes, or a combination thereof. 

8- The method according to claim 7, wherein the source of oil lipid product 
IS conjugated linoleic acid. 

9. The method according to claim 7, wherein ihe source of lipid is derived 

ftom oil sources by chemical/biological processes, or a combination thereof. 
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10. The method accordins to any one of claims 1 to 9, wherein the source of 
lipid is yellow grease. 

11. The method according to any one of claims 1 to 1 0, further comprising 
simultaneously feeding to the ruminant livestock protected protein, such that about 60 to 
about 80% of said protected protein is capable of passins through the rumen undigested 
leading about 60 to about 80% of said protected protein available for digestion post- 
ruminally. 

12. The method according to any one of claims 1 to 11, further comprising 
simultaneously feeding to the ruminant livestock protected carbohydrate such that about 
30 to about 80% of said protected carbohydrate is capable of passing through the rumen 
undigested leaving about 30 to about 80% of said protected carbohydrate available for 
digestion post-iuminally. 

13. The method according to any one of claims 1 to 1 1, further comprising 
simultaneously feeding to the ruminant livestock: (i) protected protein, such that such that 
about 60 to about 80% of said protected protein is capable of passing through the rumen 
undigested leaving about 60 to about 80% of s«d protected protein is Available for 
digestion post-ruminally, and (ii) protected carbohydrate, such' that about 30 to about S0% 
of said protected carbohydrate is capable of passing through the mmen undigested leaving 
about 30 to about 80% of said protected carbohydrate available for digestion post- 
ruminally 

14. A method according to any one of claims 11-13. wherein the source of 
protein and/or carbohydrate is plant and includes any one of. or a combination of barley, 
com, oats, wheal, rice, millet, triticale, rye, and sorghum, soybean, cotton, lupin, peanut, 
sunflower, canola. sesame seed, copra and coconut, palm kernels and linseed. 

15. The method according to any one of claims 1 to 14. funher comprising, 
feeding to the ruminant livestock any other source of processed or unprocessed feedsmff. 

16. The method according to any one of claims 13 to 15, wherein the 
protected carbohydrate, protected protein and/or protected lipid is included in the ration at 
about 10-45% during the lactation phase. 

17. Milk fat obtained from a ruminant fed according to the method of any 
one of claims I to 16. 

18. The milk fat of claim 17, wherein said milk fat is comprised of 
nutritionally desirable soft fats, including n-3 and n-6 essential fatty acids, conjugated 
linoleic acid and C20 and C22 plyenoic fatty acids. 
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20. The milk fat ofany one of claims 17io 1 9. wherein said milk fat is used 
in the production of milk based products. 

21. The milk fat of any one of claims 17 to 20. wherein said milk based 
products mclude: milk, butter, cheese, yoghurt, chocolate or infant formula. 
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AMENDED CLAIMS 

[received by the International Bureau on 15 December 2000 (15.12.00); 
original claims 1-10 amended; other claims unchanged (3 pages)] 

J . A method for aJuiring the fatty acid profile of milk fiom female ruminani 
livestock to comprise at least one of the following types and proportions of fattj^acids in 
said miJk: C18:J cis (25-»5%w/w); C18:2 (4-15%w/w); C18:3 (NgVow/w); 020 5 and 
C22:6 omega fetty acid ClOWw). or a combination thereof; v*crein «id method 
comprises feeding to the female nwpinant livestock, pmtected lipid such that about 60 to 
abom 90% of said protected Upid is capable of passing through the rumen undigested 
leaving about 60 to about 90% of said p«.tected lipid avaUaWe for digestion%o«- 
ruminally, and wherein said protected lipid is produced by the emuIsiAcauon of lipid with 
pxoiem and the mixing of between about 1.5 grams and about 3 grams of formaldchvde 
per 1 00 grams crude portion of said emulsified Hpid-protein complex. 

2. The method of claim \ , wherein said fatty acid profile comprises a'l lea<;t on- 
nl: C1S:1 ctv (30^S%w/w): C18:2 (6-l0%w/w); CI8:3 (2^%m-/w); C20:5 and C22:6 
omega fatty acid (l-2%w/w), or a combination thereof 

3. The method of claim 1 or 2. wherein said Clg:2 further includes comugated 
isomers (0.5 to 5%w/w). 

4. A method for aJtermg the iany profile of milk from female ruminant 
hvestock to have at least one of the follo>^«,g types and/or proportions of fetty acids in 
said mUk: C16:0 cis (25-35%w/w), C18:0 (20.30Ww) and Cl8:l (20-25%w/w) 
wherein said medxod comprises feeding to the rummant livestock, protected lipid havin» 
«,d desoed proportions and/or types of fatty adds, such that about 60 to abom 90% of 
said protected lipid is capable of passing through the nuncn undige^ed leaving abom 60 
lo about 90% of said proxeaed lipid available for digestion post-ruminaUy, and wherein 
sa.d protected lipid is produced by itc cmulsification of Upid ^vith protein and the mixing 
Of between about 1.5 grams and about 3 grams of fbnnaldehyde per 100 grams etude 
poruon of said emulsified iipid-protein complex. 

5. -The method of claim 4, wherein said fatty acid profile comprises at least one 
Of: C16:0 (28.35%w/w). C18:0 (25.30%wAv) and C18:l (22.25o/cw/w) or a 
combination thcreor. 

The method according to any one of claims 1-5. whcr«n about 75 to about 
of protected lipid is capable of passing undegraded through the nm.e„. 

7. Jhe method according to any one ofclahns 1-6, wherein the protected Hpid is 
produced by the reaction with between about 2.0 grams and about 2.6 gmms of 
form;ildehyde per 100 gramis crude portion. 
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8. 'llie method according to any one of diaims 1 to 7, v/hereia the source of lipid 
is selected from the group consisrijig of: soybean, cotton, lupin, peanut, sunflower, 
jiunola. canola. sesame seed, copra and coconut, palm kernels, linseed, casein, buttcifai. 
yellow fc'reasc. lard, fish oils, tung oil. tallow, and oil lipid products derived from oil 
.sources by chemicaL/biological processes, or a combinadon diercof. 

9. Tiic method according to claim 8. wherein the source ofoi) lipid product is 
cimjugated linoleic acid or chemical forms ihereor. 

10. Tlie method according lo claim V, wherein Ihe source of lipid is derived bv 
chemical/biological processes, or a combkiation thereof. 

11. The method accordinfi to any one of claims 1 to 10. further comprisins 
simultaneously feeding to the naninaitt livestock protected protein, such that about 60 to 
about 80% of said protected protein is cs5>able of passing through the rumen undigested 
Icavini; about 60 to about 80% of said protected protein available for digestion post- 
ruminaliy. 

12. The method according lo any one of claims 1 to 10, further comprisjog 
simultaneously feeding lo the ruminant livestock protected carbohydrate such that about 
30 to about 80% of said protected carbohydrate is capable of passing through the rumen 
undigested leaving about 30 to about 80% of said protected cajhohydraic avaUablc for 
digejiiion posr-ruminally. 

13. The metliod according to any one of claims 1 to 10 funher comprising 
simultaneously feeding to the niminant livestock; (i) protected protein, such that such that 
about 60 to about 80% of said protected protein is cqjable of passing through the rumen 
undigested leaving about 60 to about 80% of said protected protein is available for 
digestion post-niminally. and (ii) protected carbohydrate, such that about 30 to about 80% 

said protected carbohydrate is capable of passing through the rumen undigested leaving 
ubouL 30 to about 80% of said proteeted carbohydrate available for digestion post- 
rumiiialiy. 

14. A method according to atiy one of claims 11-13, wherein the source of protein 
and/or carbohydrate is plant and includes any one of. or a combination of barley, corn, 
oiAls. wheat, rice, millet, trilicale, rye, and sorghum, soybean, cotton, lupin, peanut, 
sunni»wcr. sunoltt, canola. sesame seed, copra and coconut, pahn kernels and linseed. 

15. Tlie method according to any one of claims 1 to 14, fiirther comprising, 
feeding to tlte ruminant livestock any other sounse of processed or unprocessed feedstuff. 
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16. The method aecomiag to any one of claims 13 to 15, wherein the protected 
carbohydraie, protecicd protein and/or protected lipid is included in the ration at ahout 
1 0-45% during the lactation phase. 

17. Milk fat obtained from a nitninant fed according to the method of any one of 
elainiK I to 16. 

1 8. The milk fal of claim 17, wherein said milk fet is comprised of nutritionally 
desirable soft fats, including n-3 and n-6 essential feny acids, conjugated linoleic acid and 
Cj|i !ind C22 plyenolc &tty acids. 

19. The milk fet of claim 1 8, wherein said milk fat is comprised of hard fats. 

20. 'iTie milk fat of any one of claims 17 to 19. whensin said milk fei is used in the 
production of milk based products. 

21. The milk fai of any one of claiin.s 1 7 lo 20, wherein said milk based products 
include: milk, biaier, cheese, yoghun, chocolate or inJiint formula- 
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Statement 

Novelty (N) claims 1-22 YES 

Claims j^q 

Inventive step (IS) Claims 1-22 YES 

Claims j^Q 

Industrial applicability (lA) Claims 1-22 YES 

Claims j^q 



Citations and explanaiions (Rule 70.7) 

The following documenis identified in the International Search Report have been considered for the purposes 
of this report: 

Dl US 3 925 560 
D2 US 3 966 998 
D3 US 4 073 960 
D4 US 4 216 234 
D5 US 5 143 737 
D6 US 5 670 191 
D7 US 5 932 257 

The invention described in tlie current application resides in a method for improving the fany acid profile of 
milk by feeding a ruminant a supplement comprising a lipid encapsulated in an aldehyde-protected protein 
complex. The protected complex is formed by treating a proiein-lipid emulsion with formaldehyde. The 
particular lipid sources used and the proportions of respective lipid sources used provide feed supplements 
with particularly favourable balances of fptty acids and mono, di and tri unsaiuraied fats. 

Nnv ehv (N) and I nv cniivc Step f ISJ 

None of the citations disclose, or leach toward the specific methods of the claims. 

Dl and p3 disclose methods for improving the fatty acid profile of milk by feeding a ruminant a supplement 
comprising a lipid encapsulated in an aldehyde-protected protein complex. However nciiher citation disclose-^ 
milk -A'lth C!S;I asilS-Af^ vs \% ClS:2(4-l5%xvAv) and ClS:3(0.7-9%\v/w) or CI 6:0(25-35". .xv'w) and 
ClS:0(20-30%w/w) or a method of preparing o feed supplemeni Comprising 70% proiocicd canula and 30'\. 
protected soyabean. As such neither citation discloses or teaches toward the methods of ihe plaims. 

p4-D7 do not disclose the use of formaldehyde to produce a protected lipid and D5 in j^Jrticular teaches a\\ ;j> 
from u.^ing formaldehyde, ciling ihc potential of toxicity and intestinal damage if agents such as fomialdelmi? 
arc used. As such none orn4-n7 disclose or leach toward the mclhods and produci.s defined in the claims. 

D2 discloses a feed supplement comprised of lipid encapsulated in an aldehyde protected protem complex. 
The complex is formed by the addition of formaldehyde to a protein-lipid mix, wherein the mixture is ground 
under conditions of high temperature and pressure. As such the citation does not disclose emulsification of 
lipid with protein and consequently does not deprive the claims of either novelty or an inventive step. 
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Claims 

1. A method for altering the fatty acid profile of milk from female ruminant 
livestock to comprise at least one of the following types and proportions of fatty acids in 
said milk: C18:l cis (25.45%w/w); CI8:2 (4-l5%w/w); C18:3 (|.8%w/w); C20:5 and 
C22:6 omega faity acid (l-3%w/w), or a combination thereof, wherein said method 
comprises feeding to the female ruminant livestock, protected lipid such thai about 60 to 
about 90% of said protected lipid is capable of passing through the rumen undigested 
leaving about 60 lo about 90% of said protected lipid available for digestion post- 
ruminally, and wherein said protected hpid is produced by the emulsificaiion of lipid with 
protein and the mixing of between about L5 grams and about 3 grams of formaldehyde 
per 100 grams crude portion of said emulsified Upid-protein complex. 

2. The method of claim L wherein said fatty acid profile comprises at least one 
of: C18:l C7'.v (30.45%w/w); C18:2 (6-10%w/w), C18:3 (2-4%wAvK C20:5 and C22:6 
Dincga fatty acid (l-2%w/w), or a combination chcrcof 

3. The method of claim I or 2, wherein said C18:2 turtner uicmues conjugated 
isomers (0.5 to 3%w/w). 

4. A method for altering ihc faity acid profile of milk from female ruminant 
livestock lo have at least one of ihe following types and/or propor(ion5: of fatiy acids in 
said milk: CI 6:0 cis (25-35%w/w), Cl8:0 (20-3O%w/w) and CIS:] C20"25%wAv), 
ulierein said method comprises feeding to the ruminant livestock, protected lipid linving 
said desired proportions and/or types of fatty acids, such that about 60 to about 90% of 
siiul proittcccd lipid is capable of passing througli the rumen uruligcsied leaving nboui 60 
to about 90% of said protected lipid available for digestion posl-ruminally, and wherein 
said protected lipid is produced by the cmulsification of lipid with protein and the mixing 
of bctvvccn about 1.5 grams and about 3 grams of forn-ialclehydc per jOO grams crude 
portion of said emulsified lipid-proiein complex. 

5. The method of claim 4. wherein said lauy acid prolilc unmpriscs at least one 
of: C|6:0 C7.v (28.35%w/vv). C18:0 (25-30%w/w) and CIS:! {22>25%w/wK or u 
combination thereof. 

6- The method according to any one of claims J -5. wherein abt>iii 75 lo about 
90% of protccjed lipid is capable of passing undegraded ihrouiih Ihe rumen. 

7. The method according lo any one of claims 1-6. wherein the protected lipid is 
produced by the reaction with between about 2.0 grams and about 2.0 grams of 
lormaldehyde per 1 00 grams crude portion. 
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8. The method according to any one of claims 1 to 7, wherein the source of lipid 
is selected from the group consisting of: soybean, cotton, lupin, peanut, sunflower, 
sunoia, canola, sesame seed, copra and coconut, palm kernels, linseed, casein, butterfat, 
yellow grease, lard, fish oils, tung oil, tallow, and oil lipid products derived from oil 

5 sources by chemical/biological processes, or a combination thereof 

9. The method according lo claim 8, vvherein the source of oil lipid product is 
conjugated linoleic acid or chemical forms thereof. 

10. The method according lo claim 9, wherein the source of lipid is derived by 
chemical/biological processes, or a combination thereof. 

Ill 11. The method according to any one of claims 1 to 10, further comprising 

simultaneously feeding to the mminant livestock protected protein, such that about 60 to 
about 80% of said protected protein is capable of passing through the rumen undigested 
leaving c^bout 60 to about 80% of said protected protein available for digestion post- 
ruminally. 

l^ 12. The mediod according to any one of claims I to 10, further coniprisinu 

siiiiulianeously feeding to the ruminant livestock protected carboliydraie such chat about 
30 to about 80% of said pruicctcd carbohydrate is capable oFpassiny, ihrough iho rumen 
undigested leaving about 30 to about 80% of said protected carbohydratt; available for 
diuestion post-ruminally. 

J.- 13. The method according lo any one of claims I lo 10 fiirihcr coniprisinii 

sinuiUaneously feeding to ihc ruminant livestock; (i) protected prcUein. such ihiu such ihin 
;ihom 60 Jo aboui tS()% of said proiccled protein la capable of pas.sini.> ihrouyh iho runiw*n 
undigested leaving about 60 to about 80% of said protected protein is available lor 
digestion posi-ruminally, and (ii) protected carbohydrate, such that about 30 to aboui 80*!'o 
of said protected carboliydraie is capable of passing through the rumen undiycsied leaving 
anoui 3u in about XUS^o of said protected carbohydrate available Ibi Lliye.siion posi- 
riinunally, 

14. A method according lo any one ol'claims I 1-13, wherein the st>urce oT protein 
and/or carbohydrate is plant and hicludcs any one a\\ or a eomhinaiif^n of barley, corn, 
oais, whctii. rice, millet, irilicale. rye. and sorghum, soybean, coiion. Itipin. peanuu 
sunllower, sunola. canola, sesame seetL copra and coconut, palm kernels niul linseed. 

15. The method according lo any tu^c of claims I lo 14, fiirihcr comprising. 
I'eeding to the ruminant livestock any other source of processed or unproccssctl feedsiulT. 
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16. The method according to any one of claims 13 to 15, wherein the protected 
carbohydrate, protected protein and/or protected lipid is included in the ration at about 
1 0-45% during the lactation phase. 

1 7. Milk fat obtained from a ruminant fed according to the method of any one of 
claims 1 to 16. 

18. The milk fat of claim 17, wherein said milk fat is comprised of nutritionally 
desirable soft fats, including n-3 and n-6 essential fatty acids, conjugated linoleic acid and 
Cit) and C22 plyenoic fatty acids, 

1 9. The milk fat of claim 1 8, wherein said milk fat is comprised of hard fats. 

20. The milk fat of any one of claims 17 10 19, wherein said milk fat is used in the 
production of milk based products. 

21. The milk fat of any one of claims 17 10 20, wherein said milk based producis 
include: milk, butter, cheese, yoghurt, chocolate or infant formula. 
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[received by the International Bureau on 15 December 2000 (15,12.00); 
original claims I - 1 0 amended; other claims unchanged (3 pages)] 

1 - A method for alniring doc fatty acid profile of miUc &om female ruminant 
livestock to comprise at least one of Ac following types and proportions of fktcj^ncids in 
said miJk: Clg:3 cis (25-»5%wM); C18:2 (4-15-/.w/w); C18:3 (1.8Ww); C20-5 and 
C22:6 omega fetty acid (I.3»/,w/w). or a combinaiion Aereof; vAcrein said method 
comprises feeding to the female luminanl livestock, protected lipid such that about 60 to 
about 90% of said protected lipid is capable of passing through the rumen undigested 
leaving about 60 to about 90% of said protected lipid available for digestion post- 
ruminally, and wheidn said protected lipid is produced by the emulsiricaiion of lipid with 
protein and the mixing of between about 1.5 grams and about 3 grams of formaldchvde 
per 1 00 grams erode portion of said emulsified lipid-protein complex. 

2. The rnethod of claim J , wherein said fatty acid profile comprises a'l lea.«;i one 
"1: CI 8:1 cL, (3a45%w/w): C18:2 (6-l0%w/w); 018:3 (2^%w/w); C20:5 and C22:6 
omega fatty acid (K2%w/w). or a combination thereof. 

3. The method of claim 1 or 2. wherein said C18:2 further includes conjugated 
isomers (0.5 to 5%w/w). 

4. A meshod for alrexuig the feity add profile of ^ilk from female ruminant 
bvestock to have at least one of the follo>ving types and/or pn^onions of fatty acids in 
saad milk: C16:0 cis (25-35%w/w), C18:0 (20.30%w/w) and 018:1 (20.25%w/w) 
wberem said method comprises feeding ic the ruminan, livestock, protected lipid havino 
5a,d desired proportions and/or types of fkrry adds, such that about 60 to about 90% of 
said protected lipid is capable of passing through the rumen undigested leaving about 60 
lo about 90% of said protected lipid available for digestion post-ruminaUy, and wherein 
said protected lipid is produced by ^ cmalsification of Upid with protein and the mixing 
of between about 1.5 grams and about 3 grams of fomialdehyde per 100 gr^ etude 
ponton of said emulsified Kpid-protcin complex. 

5. method ofdaim 4. wherein said fatty acid profile comprises at least one 

of; C16:0 ci. (28-3S%w/w), C18:0 (2S-30%wAv) and C18:l (22.2S%w/w) or a 
combination thcrepf. 

6 . The method according to any one of claims 1-5, whcr«n about 75 to about 
90 of protected lipid is cspable of passing undegraded through the n«nen. 

7. The method according to any one of claims 1-6. wherein the protected lipid is 
produced by the reaction with between about 2.0 gnuns and about 2.6 gmms of 
formaldehyde per 100 grams crude poriioa. 
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8. 'ITie method accoidijig to any one of claims 1 to 7, wha-ein the source of lipid 
is selected ftom the firoxip consisting of: soybean, cotton, lupin, pcanui, sunflower, 
sunnliL. canola. sesame seed, copra and coconut, palm kernels, linseed, casein, burtofat. 
yellow grease, laid, fish oils, timg oil tallow, and oil Upid products derived from oil 
.sources by chemical/biological proeesses. or a combination dietcof. 

9. The method according to claim 8. whensin the source of oil lipid product is 
conjugated Unoleic acid or cheinical forms iherbof. 

10. The method according lo claim 9, wherein the source of lipid is derived bv 
chemicul/biological processes, or a combination thereof. 

11. The method according to any one of claims 1 to 10. further comprisins 
simultaneously fcedinff to the ruminant livestock protected protein, .such that about 60 to 
about 80% of said protected protein is capable of passing through the niriien undigested 
Icavini; abtiut 60 to about 80% of said proiActed protein available for digestion post- 
ruminally. 

12. 'rhc method according lo any one of claims 1 to 10. further comprising 
simultaneously feeding lo the ruminant livestock protected carbohydrate such that about 
30 to about 80% of said protected carbohydrate is capable of passing through the rumen 
undigested leaving about 30 lo about 80% of said protected carbohydrate avaUable for 
digestion posr-ruminally. 

13. The method according to any one of claims 1 to 10 fimhcr comprising 
.simultaneously feeding to the ruminant livesiock: (i) protected protein, su^h that such that 
about 60 to abotit 80% of said protected proiein is capable of passing through the lumsc 
undigested leaving about 60 to about 80% of said protected protein is available for 
digesuon post-niminally. and (ii) protected carbohydrate, such that about 30 to about 80% 
iilsaid protected carbohydrate is capable of passing through the rumen undigested leaving 
ybout 30 to about 80% of said protected carbohydrate available for digestion post- 
ruminally. 

1 4. A method according to any one of claims 11-13. wherein the source of protein 
and/or carbohydrate i& plant and includes any one of, or a combination of barley, corn, 
oals. wheat, rice, millcL tiiticale. rye, and sorghum, soybean, cotton, lupin, peanut, 
sunllt^wer. sunola, canola. sesame seed, coptaand coconut, pahn kernels and linseed. 

15. Tlie method according to any one of claims 1 to 14, further comprislne, 
feeding to tltc ruminant livestock any other source of processed or unprocessed feedstuff. 
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16. The method according to any one of claims 13 to 15, wherein the protected 
carbohydraie, proiccicd protein and/or protected lipid is included in the ration at about 
1 0-45% during the lactation phase. 

17. Milk fat obtained from a niminant fed according co the method of any one of 
cluims I to 16. 

1 8. The milk fat of claim 17, wherein said milk fat is coiTiprised of nuiritionally 
desirable soft fats, including n-3 and n-6 essential feny acids, conjugated linoJeic acid and 
Ciii and C22 plyenoic fatly acids. 

19. The milk fet of claim 1 8, wherein said milk fat is comprised of hard fats. 

20. 'Vhc milk fat of any one of claims 17 to 19. wherdn said milk fat is used in the 
production of milk based products. 

21. The milk fai of any one of claims 1 7 ro 20, whei-ein said milk ba<ied products 
include: nxiik. bulier, cheese, yoghurt, chocolate or inJani formula. 
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